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Chapter Ii - INNTRODUCTI ON

. .P..!.F.rI.ands..co.e.. This office report has been prepared t o present

basic hydrolog:c.c data and criLeria for the Truckee River Bas in, CaliFornia

and Nevada. Thlis data is intended for use in feasibility stud i es for

provid i ng add:it;ional flood protect ion to the Truckee Meadows area at and

below Reno, Nevada. lhi.s report discusses the hydrolog i c characteri s t:i.scs of'

the basin, presents an analys is of flow-frequencies, and descr iibes the

development of standard project and probable maximum floods result:ing from

winter type rain storms and summer-fall type cloudbursts. An analysis of

spring snowmelt floods is not; requ i red for this study since these types of

floods are essentially non-damaging in the Truckee Meadows area under

exi:tst:ring cond it;:i ons of ups tream regulat:iCon,

2. Previous studies. - Several earlier stud ies of the Truckee River Basin

have been conducted by this office. Reports perta:Ini nig t:o hydrologic studies

are tabulatied below.

a. Office Report, Truckee River Basin, Californ ia and Nevada, Standard

Project Flood, Truckee Rbiver at Reno, Nevada, July 1957.

b. Interim Survey Report for Flood Conrol, Reno Area, Truckee RIiver and

Tributaries, California and Nevada, Appendix A, Hydrology, March 1960.

c. Flood Plain Information, Truckee River, Reno-Sparks-Truckee Meadows,

Nevada, October 1970.



d, Master Report on Reservoir Regulation for Flood Control, Truckee

River Reservoirs, Nevada and Cali fornia, December 1971.

e Flood Plain Informat ion, Steamboat Creek and Tributar ies, St-eamboat..

and Pleasant Valleys, Nevada, June 1972,

f, Flood Plain Informat ion, Tr'uckee River and Mart is Creek, Truckee,

California, June 1974.

2



CHAPTER 1:1Z

DESCR(IPTIfIVE HYDROLOGY

3. Des cription of area. --

a. General. The Truckee River Basin, shown on chart 1, is located in

eastern Callifornia and western Nevada. The river drains about 1,070 square

miles of mountainous terrain above Reno includ ing about 500 square m:i.les

above the Lake Tahoe outlet. Most of the runoff from the basin originates on

the eastern slopes of the Sierra Nevada, which rise to over' 10,000 feet in

this region. Lake Tahoe effectively controls all rainfloods originating

above it. The Truckee River begins at the outlet of Lake Tahoe, located on

the northwestern shore of the lake, where an outlet structure regulates flow

into the r~iver. From the lake, the river flows about 15 miles in a northerly

direction to the town of Truckee, California, then northeasterly about 40

miles to the City of Reno, Nevada. Below Reno the river flows about 50 miles

easterly and northerly to Pyramid Lake, a remnant of prehistoric Lake

Lahontan. The stream basin has no outlet to the sea. The main tributaries

below Lake Tahoe are the Little Truckee River, Prosser, Donner, Mart~is, and

Steamboat Creeks. Near Reno the river enters a vast meadow, the western and

northern sections of which are occupied by the cities of Reno and Sparks.

The eastern portion of the meadow, which is known as Truckee Meadows, is low

in elevation and poorly drained. During large runoff periods this area is

flooded extens ively.
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The largest tributary to the Truckee River in the Reno area is Steamboat

Creek. This stream originates at the outlet of Washoe Lake, a large flat

depression that stores all flood runoff originating above it, drains the

southern and eastern part of Truckee Meadows, and enters the Truckee River

near Vista. Evans, Dry, Thomas, Whites and Galena Creeks are tributaries to

Steamboat Creek and originate on the northeastern slopes of Mt. Rose. Evans

and Dry Creek combine below Highway 395 to form Boynton Slough.

North Truckee Drain consists of a natural channel, now largely improved

and realigned to provide better drainage of Spanish Springs Valley and the

northeasterly sector of Truckee Meadows.

Stream channels in the Truckee River system range from the precipitious

tributaries discharging into Lake Tahoe, with slopes of more than 500 feet

per mile, to the comparatively flat slopes of less than 10 feet per mile in

the lower Truckee River near Pyramid Lake. Streambed profiles of the river

system are shown on chart 2.

The major population centers in the basin are located at Reno and around

Lake Tahoe. Elsewhere, population is sparse with only a few small towns and

settlements. The principal economic activities in the Reno--Truckee Meadows

area are the gaming and warehousing industries. Elsewhere in the basin,

tourism, gaming, lumbering, farming, and ranching are the primary economic

activities.

b. Geology. - In early geologic times, the Sierra Nevada had a low

relief and formed the western slopes of lakes which occupied the Great

Basin. The present range came into being about the beginning of the
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Quaternary Period after an era of intense volcanic activity and crustal

fold:i.ng. It is composed largely of granite rock, massive granite batholiths

hav:i.ng invaded the folds of the ancestral range during the period of mountain

building. Subsequent erosion of the older rock cover:ing has exposed the

granites over large areas. BlockfauJ.ted depressed areas filled with gravel

and alluvium by the streams which flow through them form the valleys wh:i.ch

exist today.

c. [o.Oqrap.y. - The Sierra Nevada near the headwaters of the Truckee

River tributaries :is characterized by rugged rocky peaks, precipitous cliffs,

steep canyons, and occasional small meadows and lakes. The lower portion of

the basin consists of scattered valleys and dry lakebeds separated by

mounta:i.n ranges. Elevat:ions within the basin range From 3,900 to over 10,000

feet. Abo:ut half of the area tributary to the Truckee R:iver between Lake

Tahoe and Lawton is about 6,500 feet, but only 10% is above 8,000 feet.

Topography and area-elevation curves are shown on charts 3 and 4,

respectively.

d. Soils.and.ve.etatjivepover. - Much of the high mountain area is

barren and has little soil cover, although where soil depths and

precipitation are adequate, good stands of conifers exist. Below about

elevat:i.on 5,000 feet, precipitation is sufficient for only sage brush and

other desert shrubs. Valleys and meadows watered by running streams produce

growths of nat:i.ve grasses. In the lower valleys, the native vegetation has

been replaced to a considerable extent by irrigated crops. Most of the soils

are alluvial, consisting of materials eroded from the mountainous areas.
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Some lake sediments laid down by ancient Lake Lahontan, which covered a large

portion of the state of Nevada, are found along with the alluvial soils.

Soils of the valleys are classified as gravelly or sandy loams on the

alluvial slopes, and as silty or clay loams on the bottom lands. They are

naturally very fertile, and, in general, are not strongly alkaline, although,

without proper drainage, alkali concentrations may reduce their product[ivity.

4. Flood control and related water resources developmnt. - Flood control

and conservation developments in the basin are summarized in the following

paragraphs:

a. Projects completed by the Bureau of Reclamat:i.on in the Truckee River

Basin are the Newlands project, the Truckee River storage project, and the

Washoe project. The Newlands project, completed in 1915, consists of the

Lake Tahoe outlet control structure; the 290,000 acre-foot Lahontan Reservoir

and appurtenant power facilities on the Carson River near Fallon; the Derby

Diversion Dam on Truckee River; the Truckee Canal extending from Derby Dam to

Lahontan Reservoir; and the facilities for the distribution of irrigation

water in the Carson River Basin in the vicinity of Fallon.

The Truckee River storage project, completed in 1939, consists of the

41,100 acre-foot Boca Reservoir on Little Truckee River, together with

appurtenant distribution facilities for irrigation. Completed in 1970, the

portion of the Washoe project above Reno consists of the 29,800 acre-foot

Prosser Creek Reservoir on Process Creek and the 226,500 acre-foot Stampede

Reservoir on Little Truckee River, about 4 miles upstream from Boca

Reservo:i.r. The completed three-reservoir complex of Boca, Stampede, and

Prosser Reservoirs provides a total of 50,000 acre-feet of flood control.
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storage and additional flood protection to Reno, Sparks, and the Truckee

1 Meadows area.

b. Developments by the Corps of Engineers include a channel

modification project authorized by the Flood Control Act of 1954, consisting

mainly of widening and deepening the Truckee River channel through Truckee

Meadows for about 7.5 miles, extending from the downstream limits of Reno to

a point near Vista; minor channel improvements at Lake Tahoe outlet; and

minor channel improvements at intermittent point;s along the river above and

below the Meadows area. This work was completed in 1963. Also, the Flood

Control Act of 1962 authorized the 20,400 acre-foot Martis Creek Lake,

completed in 1972, for flood control and future water supply.

c. Local interests provided channel improvements along the Truckee

River, consistiing of riprap and masonry retaining walls for stabilizing both

banks through sections of the downtown Reno area. The work was accomplished

about 1930 to 1935 by the Works Progress Administration in cooperation with

local interests. As a part of the local interest requirements for Martis

Creek project, the City of Reno additionally improved the channel to carry a

14,000 cubic feet per second (cfs) flow through Reno. This work was

completed in 1972.

d. The Soil Conservation Service has constructed four flood detention

reservoirs in the Peavine and East and West Wash watersheds north of Reno.

These reservoirs contain a total of about 1,200 acre-feet of storage and

provide flood protection to urban areas below the reservoirs.
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e. There are other small reservoirs and lakes in the basin that contai:.n n

very sinal.l amounts of storage and have no influence on flood flows on the

streams of interest in this study.

5, .C The upper part of the Truckee River Basin is characterized by

severe winters and short, mild summers, Precipitation is markedly less than

on the western slopes of the Sierra Nevada, The cl:imate of the lower portion

of the basin :i.s typ~ical of the Great Basin. The winters are l.ong but with

deficient precipitation, and the summers are short with prac.ically no

precipitation.

Temperatures vary considerably throughout the basin because of the

extreme range in elevation, and diurnal variations are usually large. The

minimum and maximum temperatures of record at Tahoe City (elevation 6,230

feet) are -15" F. and 94" F., and at Reno (elevation 4,400 Feet) are -16" F.

and 104" F., respectivel.y. The monthly distribution of normal temperatures

and observed temperature extremes at these two stations as well, as at the

Truckee Ranger Station and at Boca is illustrated in the fol.lowi:ng table:

0
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TABLE 1

NORMAl.. 1/ MONTHI.Y TEMPERATURE:S (F"U )

.................. I.. ................................................. .. ..... .. ............. ..... .~i • • ; i ............. ..... ..... .... ..................... .iT i e • 7 i .............................. I. .......... .... ...-7 ............... ........ ...... ............ ......................... ............
Tahoe City Truckee R. S. Boca 2/ Reno WB AP

M .o. t.h................................................ ................... .. ....... .. .. '. ...... 6 2 3 0 ')..... . .. .. .... . .............. .59 ' ... L....... ... .. .5 . ' )..E...l 4..0. 4............' ). ( .-L! , ..........

January 26.9 25.6 23.7 30.4
February 28.4 28.0 26.8 35.6
Marc h 32.2 32.7 31.8 41 .5
Apr:i.1 38.8 39.7 39.9 48.0
May 45.7 46.6 47.2 53.9
June 53.0 54.1 53.6 60.,1
Jul]y 60.9 61.9 60.1 67.7
August 60.0 60.4 58.0 65.5
September 54.3 55.3 52.8 58.8
October 45.0 45.6 44.7 49.2
November 35.3 35.0 35.3 38.3
December 30.3 28.5 28.1 31.9

............- -"* ...... -ii...... ..... ....... .... ................ ... *",*" --* ............ ..................... ..........------ ............. ...... ........................ ......... ...4 . :. ................... ............................... -4- ---- .......... ..........4

..I/ Normals for all stations are climatological normals based on the period
1931-1.960 (as published by USWB).

2/ Boca values are averages for the period-of-record.

OBSERVED TEMPERATUIR. EXTREMES

: MAXIMUM MINIMUM
Location F-" Month F Month

Tahoe City 94 August -15 January
Truckee RS. :101 August -28 Jan. & Feb.
Boca 97 Ju l y -45 January
Reno WB AP 104 Jul.y -.16 January
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Normal annual precipitation over the drainage area between Lake Tahoe

and Vista varies from 8 to 70 inches, with a basin mean of 26.5 inches.

Precipitation usually falls as snow above elevation 5,000 feet, but some

storms produce rain up to the highest elevations of the bas:i.n, and snowfall.

may occur anywhere in the basin.

The areal d istribution of normal annual precipitat:i.on is shown on chart

5. In the upper part of the basin, about 85% of the annual precipitation

falls during the winter months of November through April, but at Reno only

70% of the annual precipitation falls during this period. The normal monthly

distribution is shown in the following table.

TABLE 2

NORMAL I/ MONTHLY PRECIPITATION

Tahoe City Truckee R.S. Boca 2/ . Reno WB WP
Month (El. 6230') (El. 5995') : (El. 5575') : (El. 4404')
S. . ................... I..... ............. ..j t ý .......... p ~ ~ -! n .... .... ......... . .. .. . ......... ......... . ....... F .q , P ....... ................ P ...e ... :epn ..

July 0.26 0.8 0.35 1.1 0.32 1.5 0.27 3.8
August 0.14 0.5 0.17 0.6 0.23 1.1 0.17 2.4
September 0.40 1.3 0.37 1.2 0.25 1.2 0.23 3.2
October 1.90 6.1 1.82 5.8 1.01 4.7 0.51 7.1
November 3.15 10,2 3,10 10.0 1.86 8.7 0.57 8,0
December 5.64 18.3 5.66 18.2 3.64 16.9 1.08 15.1
January 6.13 19.8 6.15 19.7 4.92 22.9 1.19 16.6
February 5.32 17.2 5.24 16.8 3.43 16.0 1.02 14.3
March 3.95 12.8 4.02 12.9 3,02 14.1 0.68 9.5
April 2.10 6.8 2.27 7.3 1.33 6.2 0.54 7.5
May 1.35 4.4 1.46 4.7 1.03 4.8 0.52 7.3
June 0.56 1.8 0.56 1,7 .42 1.9 0.37 5.2

1/ Normals of all stations are climatologic normals based on the period 1930-1960
(published by USWB).

2/ Boca values are averages for the period-of.record.
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Winter snowfall above 5,000 feet elevation normally accumulates until

about the first of April, when increasing temperatures mark the beginning of

the snowmelt season. Snow failing at lower elevations usual].ly melts within a

relatively short time. Basin snowpack data for a wet year (:1952), a dry year

(1963), a near normal year (1953), and the average for I April at

representative snow courses are given in Table 3.

6. Runoff. - Most of the runoff from the Truckee River watershed is derived

from the snowpack which accumulates over the high mountain areas during the

winter and melts during the late spring and early summer. A large part of

the runoff of the Truckee River Basin originates above Farad, with about 3:1

percent above Lake Tahoe. Because of the regulatory effect of Lake Tahoe,

outflows into Truckee River are normally minor except during snowmelt seasons

of above--normal runoff. Annual runoff at Farad has varied from 133,000

acre-feet in 1931 to 1,432,000 acre-feet in 1907. Average monthly and annual

runoff are illustrated in Table 4.

7. Streamflow data. - Streamflow records in the Truckee River Basin are

available at the locations shown and listed on chart 6.

8. Precipitation data. - Precipitation records at stations in and adjacent

to the Truckee River Basin have been published by the U.S. Weather Bureau

since 1870. Locations and data pertinent to these stations are shown on

chart 5.
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9. Storm characteristics. - Precipitation in the headwater areas of the

Truckee River Basin usually is associated with general storms which occur

during the winter season of November through April. These storms originate

over the Pacific Ocean and must cross the continuous barrier of the Sierra

Nevada, which averages 8,000 feet in elevat:i.on, to reach these areas. The

Truckee River headwater area is directly opposite the Donner Pass gap in the

barrier, and occasionally air masses carry considerable prec:i.pitable moisture

over the pass and cause heavy rainfall on the eastern slopes and on the Mt.

Rose ridge east and north of Lake Tahoe. Storm periods last from I to 4

days. These storms usually produce general snowfall over the headwater

areas, but some storms produce rain up to the maximum elevations of the basin.

The major general storms that have occurred over the Truckee River Basin

since 1900 are those of February 1904, March 1907, January 1909, January

1914, January 1916, March 1928, December 1937, March 1940, January 1943,

February 1945, November 1950, December 1950, December 1955, January-February

1963, and December 1964.

Local cloudbursts occur frequently during the summer. They usually

occur in July and August when warm, moist air is more likely to reach this

area of Nevada from the Gulf of California. These storms are characterized

by high intensities over small areas and can produce large flood flows on the

smaller tributary streams but do not have a major impact on flow in the

Truckee River.

0
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10. Flood characteristics. - Floods in the rruckee Basin can be divided into

N three i i s t:i.nct typs:es' general ra:i.rnfloods, c:loudb:)urst floods, and snowme].t

f 1ood s.

General. rairnfloods, whi:ich occur durring the peritod of November through

Apr:l 1, result from general rain storms covering a large part of the basin and

are characterized by high peak Flows and short durat:i.ons (3 to 6 days). A

total volume of runoff from such Floods :is relatively small. A rnumb:)er of

major general ra:i.nfloods have been experienced in the Truckee River Basin.

Table 5 provides data on some of the larger floods at Reno.

TABLE 5
TRUCKEE RIVER AT RENO- HI:STORICAL RAINF.LOODS

Peak Flow Max I-Day Mean Flow : Max 3-Day Volume
D a t e ...... ...... . . ................ ... .. . . . . . . . . . . .------ ............. F ............................ .

18 Mar 07 18,500 14,600 68,400
16 Jan 09 10,100 8,540 43,600
26 Mar 28 18,800X -- 66,900x
11 De[c 37 17,000*K - 53, 100-
21 Nov 50 19,900 14,100 55,300

4 Dec 50 11,700 6,580 30,600
23 Dec 55 20,800 16,200 67,400

1 Feb 63 1.8,400 11,500 47,700
23 Dec 64 11,300 9,400 44,600

*Estimated from records at other stations.

Snowmelt floods result From the meltinig of the snow-pack during the late

spring and early summer (April through July) and have relatively large

volumes and long durations. The d istributiorn of r'unoff during the flood

period is dependent on the ripeness of the snow and the variation in air

temperatures, Generally the highest rates of flow occur" in May and June.

* Snowme]t floods are essentially non-damaging in the Truckee Meadows area
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existilng condit;ions of upstream regu.lat ion. Data on several srnowmelit floods

are tabu'lated below. .i

TABi...E 6
TRUCKEE RIVE- R Al RENO - HISiORICAICAL SNOWMELT FLOODS

Peak Max I-Day Max 3-.Day April.-July Annual.
Flow Mean Flow Volume Volume Volume

7 May 06 6,60ON - 740, 000*
:14 Apr 07 -- 7,200* -- 841,000 1,372,500
26 Apr 11 6,060 33,300 743,000 1,020,000
15 May 38 7,000* .- 652 ,000)c -

3 May 52 7,950 7,630 42,800 821,000 1,231,000
20 May 58 6,090 5,750 33,700 591,000 794,500
22 May 67 6,800 6,200 33,200 576,200 829,800

*XEstimated from records at other stations.

Cloudburst floods are characterized by very high peak flows of short

duration and low volume. These floods occur during the summert:i.me, can carry

large amounts of debris and sediment, and can cause considerable damage on

the smaller tr:i.butaries. Data on several cloudl:urst floods are tabulated

be low.

"TABI..E 7

HISTORICAL CL.OUDBURST FLOODS

: Peak Max :1--Day
DA Flow Mean Flow

S....... .............. ......................... ; ts. ,! ' .. ....... ....... ........ ......... ...... .... ........ ....... .......... .( . .. ,. .. _ . . ........, ........... p .a ....... .....' . ....... ........: s .) ............. ; .................... .£ s ...........................

Galena Creek near Steamboat 8.5 20 Jul 56 4,730
15 Aug 65 3,670 250

Whites Creek near Steamboat 8.02 15 Aug 65 2,280 100 0
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CHAPTER III

STORM AND FLOOD ANALYSIS

II. . .eneral. -For purposes of hydrologic analysis the Truckee River Basin

has been subdivided as indica-ed on chart 7. These sul:x:livisions were made at

various stream gage locations and at the various lakes and reservoirs to

facilitate analysis of past floods. The many small area subd:livisions around

Reno were made to facilitiate possible future studies of this urban area.

Because of the large surface area and volume of Lake Tahoe, relative to its

drainage area, runoff into the lake during rain-flood periods is completely

regulated and releases are negligible. Accordingly, the area above Lake

Tahoe was not considered in the analysis. rhe analysis was made by

developing a mathematical model of the basin using the computer program

"HEC-1, Flood Hydrograph Package," as modified by the Sacramento District.

The analysis includes a determination of base flows, loss rates, unit

hydrographs, and flood rout:i.ng parameters.

12. Floods analyzed. - The December 1955 and January-February 1963 storms

and floods represent two of the largest general rain floods in the basin for

which adequate flood hydrograph and precipitation data are available. Flood

hydrographs and reconstitutions are shown on Galena and Whites Creeks. An

analysis of these events was not possible because flood hydrographs and

adequate precipitation data are not available.

13. SAtompreipi.tation., -- Basin precipitation for the 1955 and 1963 storms

was determined from the isohyetal maps shown on charts 10 and 11, These maps

were prepared from avail.able precipitation data at the stations indicated on

the charts. In areas where precipitation data was missing the isohyeta].

ltrines were patterned after the normal annual precipitation isohyetals, Time
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distribution of prec.i.pitation was based on the records at one or more of the

recording stations.

14. Snow effects.

a. December 1955. - Ava:i.l.able data indicated that a substantial.

snowpack existed over the upper elevations of the Truckee River Basin prior

to the December 1955 storm. Snow depths varied from zero at the 6,000 foot

elevation to around 100 inches at the 9-10,000 foot elevation. Potential

snowmelt rates were computed for each 1,000 foot elevat:i.on band by use of the

melt equation for rain-on-snow conditions and partly forested areas given in

EM 1110-2-1406. Temperatures were based on the record at the Truckee Ranger

Station and a lapse rate of 30 F. per 1,000 feet. Wind data was based on the

records at Sacramento since no other data was available. Winds used were

those actually observed at Sacramento, reduced by 25 percent to approximate

average cond:i.t:ions on the mountain slopes since Sacramento has an open

exposure, and adjusted for elevation using figure 5--27 of "Hydrometeoro-

logical Report No. 36", dated October 1961.

The influence of the snowpack on runoff was determined using a computa--

tional procedure developed by the Bureau of Reclamation and described in

Engineering Monograph No. 35, "Effect of Snow Compaction on Runoff from Rain

on Snow", dated June 1966. The procedure is basically a water-budget

analysis which accounts for the water in the snowpack until it is released in

drainage. It uses the concept of "threshold density" and recognizes the

compaction (shrinkage) of the snowpack as water is added. "Threshold

density," defined as the density of the snowpack at which compaction ceases
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and drainage from the pack begins, was assumed to be 40 percent. This

procedure is similar to that presented in EM 1110-2-1460. The primary

difference is that the EM procedures assumes that the initial snowpack is

"ripe" (at "threshold density") over the entire basin whereas the USBR

procedure allows the adoption of an initial snowpack with densities varying

with elevation. The assumption of a "ripe" pack throughout the basin would

not be realistic for the Truckee R:i.ver since pack densities are known to vary.

with elevation.

Total available water was computed for each 1,000 foot elevation band

using the above procedures. The area above 8,000 feet was non-contributiong.

b. Janua...ry.-..eb!..!.ry .196.3. -. Available data indicates that the snow

cover prior to the 1963 flood was substantially less than existed prior to

the 1955 flood and that snowmelt apparently did not contribute significant

amounts to runoff. Accordingly, a snowmelt analysis was not made. Based on

available temperature data it was determined that rain fell up to an

elevation of about 9,000 feet. This elevation was used to determine

contributing areas for the flood reconstitutions.

15. Baseflow. - Baseflow was separated from the total runoff hydrographs as

indicated on charts 8 and 9, Baseflow adopted for standard project and

probable maximum general rain flood computations was slightly higher than

observed historically to account for wetter antecedent conditions. Baseflow

for cloudburst standard project and probable maximum flood computations for

the tributary streams around Reno was assumed to equal a normal summertime

* flow on these streams since these types of storms occur during *the summer,
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16, Lossrates. - Loss rates developed during this study area based on the

initial and constant infiltration loss concept, Higher losses were adopted

for cloudburst floods because these events occur during the summertime when

ground conditions are dry.

a. General rain floods. Constant losses obtained from the flood

reconstitutions ranged from a low of 0.05 inches per hour to a high of 0.23

inches per hour and average 0.15 inches per hour for the 1963 flood and 0.10

inches per, hour for, the 1955 flood. Based on these results a constant loss

rate of 0.10 inches per hour was adopted for standard project and probable

maximum flood computations. A slightly higher loss rate of 0.12 inches per,

hour was adopted for Spanish Springs Valley to account for additional ponding

losses in this area. Zero initial losses were adopted for comp:utation of

standard project and probable maximum floods since antecedent conditions

would be wet prior to the onset of these floods.

b. Cloudburst floods. - As discussed previously, a determination of

loss rates using reconstituions of historical cloudburst floods was not

possible due to a lack of hydrograph and precipitation data. A constant loss

rate of 0.16 inches per hour and an initial loss of 0.30 inches was adopted.

These losses are slightly higher than used for general rain floods since the

cloudburst floods occur during the summertime when dryer ground conditions

prevail. The adopted losses are consistent with those used in earlier

studies,
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17. U_..n..it.-- hy dr*g r..a.. phs.. - Unit hydrographs for this study were developed using

the modified Los Angeles District S-curve procedure presented in Technical

Bulletin No. 5-550-3, "Flood Prediction Techniques," dated February 1957.

This procedure utilizes a non-dimensional summation graph (S--cuve) in

conjunction with a basin factor (n), which relates lag time to basin

characteristics, to develop unit hydrographs. Adopted S--curves and lag

relationships are shown on charts 12 and 13, respectively. Unit hydrograph

parameters and ordinates are listed on tables 8, 9, 10, 1:1 and 12 (located at

the end of text).

In a few cases the n values used for reconstitution of the 1955 and 1963

floods differ slightly. The values used for the 1963 flood were adopted for

standard project flood computations since this flood is the largest on record

in the basin. Unit hydrographs with higher, peaks and shorter lag times than

the 1963 unit hydrographs were developed for computation of probable maximum

floods to account for the increased hydraulic efficiency of the basins during

the occurrence of this type of event. These ajustments were accomplished by

reducing the n values by 20 percent which produces a corresponding change in

peak flows and lag times.

The S-curve used to establish unit hydrographs for the subareas above

Lawton was developed from an analysis of the 1963 flood on Martis Creek,

Alder, Creek, Little Truckee River near Hobart Mills and Little Truckee River

near Boca. The S-curves developed from the unit hydrographs for these areas

were similar and the Martis Creek S-curve was adopted as being typical for

the area.

2
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Unit hydrographs for the subareas below Lawton, except Spanish Springs

Valley, were developed using either the Truckee Meadows average va]ley

S-curve (length = 743%), the Truckee Meadows average mountain S-curve for

cloudburst events (length = 402%). The two mountain curves were developed

for the Truckee Meadows Flood Plain Information Study (1969). The valley

curve is identical to the Los Angeles S-curve used by the Los Angeles

District and was used in the Truckee Meadows area for the flat valley areas.

The unit hydrograph developed for Spanish Springs Valley in the Truckee

Meadows F.P.I. study used the Clark unit hydrograph technique. The unit

hydrograph reflected Clark coefficients of Tc = 6.0 hours and R = 6.0

hours. A revised unit hydrograph for Spanish Springs Valley was developed

fro the current study because the drainage area has been revised from that

used in the FPI study to account for non-contributing areas. The revised

unit hydrograph was developed from an S-curve prepared using the original

unit hydrograph from the FPI study. The S--curve is shown on chart 12.

18. Flood routinqs. .- The Truckee River and its tributaries, with the

exception of the Truckee Meadows area, are mountainous streams where flows

are confined to narrow canyon channels. Channel storage during large floods

is small and does not significantly attenuate peak flows. Accordingly, flood

routings for the Truckee River basin were accomplished using Muskingum

coefficients for most routing reaches supplemented by Modified--Puls routings

where storage has a considerable influence on downstream flows. A routing

schematic with adopted routing coefficients is shown on chart 14. These

coefficients were verified by reconstitution of the 1955 and 1963 floods.

Modified-Puls routings and additional refinements are discussed below.
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a. Six storage-discharge relationships were developed for Truckee

0 Meadows to represent the differing channel and storage conditions in the

Meadows. These relat-ionships were developed using streamflow information at

the Vista gage, calculated water surface profiles, historic high water marks

in the Meadows and computed storage volumes from available topographic maps.

The relationships for 1955 and 1963 conditions are shown on chart :L5. The

difference between 1955 and 1963 curves represents the channel enlargement

work completed in 1963. Storage-discharge relationships for present (1980)

cond:i.t:i.ons and future (:1990) conditions were developed taking into account

the effects of the Interstate 80 freeway and the decreased storage in the

Meadows due to the present and projected development in the area. Interstate

80 acts as a barrier and prevents significant amounts of water from ponding

on the north side of the freeway except during high volume runoff periods.

Accordingly, the area north of the freeway was included for general rain

flood routings on the Truckee River (high volumes), but was excluded for

routing of cloudburst and general rain floods originating in the Steamboat

Creek watershed. The standard project flood hyrographs presented in this

report represent routings under 1990 conditions. Peak flows for these floods

are 4 to 5 percent lower than routed under 1980 conditions.

b. Flows were routed through Independence and Donner Lakes, and Upper

Peavine, Lower Peavine, East Wash, and West Wash Reservoirs using

storage--discharge relationships furnished by the operating agencies of these

facilit:i.es or developed by the Sacramento District using ava:ilable spillway

and reservoir capacity data. Storage-.discharge relationships are shown on

chart 15.

0
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c. Regulated cond it ion rout:ings through Boca, Stampede, Prosser, and

Martis Creek Reservoirs reflect the flood control operating criteria for

these projects as specified in the "Master Report on Reservoir Regulation for

Flood Control-Truckee River Reservoirs," dated December 1971.

d. Storage-discharge relationships were developed for routing of

Steamboat Creek flows from index point 40 to the Huffacker H:i.lls damsite.

These relationships were developed from water surface profiles prepared for

the June 1972 Flood Plain Information Study on Steamboat Creek. Storage.-

discharge relationships are shown' on chart 15.

e. A storage-discharge relationship was developed for routing Dry Creek

and Evans Creek from index point 64-to index point 70. This relat:i.onship was

developed from backwater computations and flooded area maps prepared by Tudor

Engineering Company for flood insurance studies. The storage discharge

relationship is shown on chart 15.

f. The Truckee River channel and overbank capacities through Reno are

limited. When these capacities are exceeded, water leaves the overbank areas

and flows in a southeasterly direction, eventually combining with other

runoff in the Truckee Meadows area. Division of flow relationships for

determining overflows were estimated from water surface profile computations

through the Reno area. These relationships are shown on chart 16. Overflows

were routed separately using the Muskingum coefficients shown on chart 14.

0
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41 g. A storage-discharge relationship was developed for the Highway 40

bridge at Wadsworth, since it is somewhat restrictive at the higher flows.

This relationship is shown on chart 15.

h. Stream gaging records indicate that channel losses occur between

Wadsworth and Nixon exceed about 10,000 cfs. In order to simulate these

losses the relationship shown on chart 17 was developed and verified by

reconstitution of the 1963 flood hydrograph and the 1955 peak Flow at Nixon.

The upper portion of this curve was estimated since historical flows at N:i.xon

have not exceeded about 14,000 cfs (1955 and 1963 floods). This estimate was

based on the following reasoning. Channel losses can probably be attributed

to losses due to depression storage in overbank areas and to percolation

losses to the Dodge Flat ground water basin, located between Wadsworth and

Pyramid Lake. Depression losses are satisfied during the in:i.ti.al phases of a

flood when channel capacities are exceeded and water can flow to and fill

overbank storage areas, Once these areas are filled further losses to this

source due to higher flows are greatly reduced. Percolation losses are a

function of area flooded and head. Since the Truckee River flood plain

between Wadsworth and Nixon is confined to a relatively narrow band the

flooded area does not increase significantly with large increases in flow.

Accordingly, losses to percolation will not increase by large amounts once

the flood plain is covered with water. In view of the above, channel losses

at the higher flows were increased only a small amount above those that occur

at the lower flows.

0
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CHAPTER IV
LAND USE

19, .. n.du.se.. - Hydrologic studies in this report were developed For both

present land use conditions (yr-1980) and estimated future land use

conditions (yr-1990). In the Reno area land use changes may have some impact

on runoff. In the other portions of the basin land uses are not expected to

change signficantly and, accordingly, will have no impact on runoff,

Present and future land use conditions in the Reno area are presented on

charts 18 and 19, respectively. These charts were deve].oped from a base map

prepared by the Nevada State Highway Department. Land use projections are

based on those prepared by the Washoe County Regional Planning Comm:i.ssion

(1978 Preliminary General Plan) and have been updated by this office to

reflect current conditions and expected future trends.

The effects of the land use changes on runoff were accounted For by

lowering loss rates in proportion to the imperviousness of the subareas. The

following impervious factors were used for the various land use

class:ifications,

TABLE 13
IMPERVIOUS F:ACTORS

Land Use Pemrcet .m.eri. ousne

Forest and grazing areas 5
Agricultural 10
Residential 35
Commerc :i.a . 60
Industrial 90
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Runoff calculations using the above data indicated that land use changes

have a necj:ig:i.ble effect on peak flows at the points of interest. This

results from the fact that the increase in urbanized area, when compared to

the total drainage area above the points of interest, is very small.

Accordingly, peak flow frequency curves presented both existing and future

land use conditions.

Rapid development in the Truckee Meadows area has decreased the amount

of space available in the Meadows for the storage of flood waters. This was

accounted for as discussed in the preceding chapter.

0
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CHAPTER V

FLOW FREQUENCY ANALYSIS

20. ,Gerae., - Rainflood flow-.frequency curves required for evaiuation of

possible flood control projects in the Reno area were developed for the

following index points.

TABLE 14
LOCATION OF FLOW-FREQUENCY CURVES

Index: 'Drainage
Point: Area
N ..... .... e c iio o . .. (.sq ... m ) ...... ve. s. ........................

3460 Truckee River at Farad (USGS (#3460) 426 1/ Peak and Volume
600 Truckee River at Reno (USGS #3480) 561 1/ Peak and Volume
700 'Truckee River nr Vista (USGS #3500) 819 2/ Peak and Volume
720 Truckee River below Derby Dam

(USGS #3516) 1060 2/ Peak and Volume
740 Truckee River nr Nixon (USGS #3517) 1205 2/ Peak and Volume

30 Steamboat Creek at Steamboat
(USGS #3493) 39.3 3/ Peak and Volume

60 Steamboat Creek at Huffacker Hills
Dams ite 110.4 3/ Peak

84 Steamboat Creek at Mouth 162.3 3/ Peak
20 Galena Creek nr Steamboat (USGS #3489) 8.5 Peak

505 Hunter Creek nr Reno (USGS #3476) 11.5 Peak
44 Whites Creek at Steamboat Ditch 14.6 Peak
66 Evans Creek at Steamboat Ditch 8.4 Peak

622 Dry Creek at Steamboat Ditch 3.6 Peak
64 Dry Creek at Highway 395 14.8 Peak
48 Thomas Creek at Steamboat Ditch 11.4 Peak
70 Boynton Slough 41.0 Peak

620 North Truckee Drain at Foothil.l Line 58.9 4/ Peak

I/ Contributing area below Lake Tahoe.
2/ Contributing area below Lake Tahoe and Washoe Lake.
3/ Contributing area below Washoe Lake.
4/ Contributing area.
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Two peak flow frequency curves are presented for the Truckee River index

points and represent unregulated and regulated conditions of water resource

development. Unregulated condit;ions refers to a runoff regime without Boca,

Stampede, Prosser, and Martis Creek Reservoirs but does include the effects

of Lake Tahoe, Independence Lake, and Donner Lake. Regulated condit~ions

includes the effects of Boca, Stampede, Prosser, and Mart:i.s Creek Reservoirs.

21. Truckee River. -

a. .. reg.ulated conditions.. - The period October through March was

selected for analysis of rainfloods. Flows below Derby Dam have been

impaired by diversions to the Truckee Canal since 1916. Further impairment

of flows occurred when Boca, Prosser, Stampede, and Mart~is Creek Reservoirs

were comletred in 1938, 1963, 1969, ard 1972, respectively. Accordingly,

adjustments to the recorded filows are required to obtain a cniform

unregulatsed flow record. Adjustments to accountr for otruckee Canal d:i.ersoions

were uade by adding the daily diversions to the recorded daily flows atd the

gages below Derby Dam. Adjustments to account for operation of the various

reservoirs were made by routing the daily changes in storage at the

reservoirs to the downsteam gages aid adding the routed changes to the

recorded daily flows at the gages Very few estiematees of unregulatted

cond:ion peak flows are available. Those estimates that are available are

based on rainfall-runoff studies. Flows are laistied on thable 15 (located at

the end of text).

0
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The unregulated condition flows at the Truckee River gages were extended

by multiple correlation with each other and with the longer record of the 0
Truckee River at the Farad gage. The correlations were made using the HEC

"Regional Frequency Computation" computer program. The missing flows

estimated by this program include an ajustment for the natural variance in

the data. Correlation coefficients are tabulated below.

Table 16
CORRELAT"ION COEF:FICIENTS - TRUCKEE RIVER

Correlation Coefficients
Station(wtFaa ae

Truckee River at Reno .98 .99 .99 .99 .98
Truckee River at Vista .96 .98 .98 .97 .97
Truckee River below Derby Dam .94 .95 .96 .96 .96
Truckee River near Nixon .98 .98 .97 .97 .98

The adopted unregulated condition flow frequency c~urves are shown on

chart 20. Computed and adopted statistics are listed on table 15 (located at

the end of text). Adopted means are based on the extended record, Adopted

standard deviations and skews have been smoothed considerably to fit the

historical data and give consistent volume-duration relationships. The

standard deviations and skews based on the extended record were not used

because the resulting curves did not fit the longer duration data. The

curves include the expected probability adjustment for the indicated number

of equivalent years of record.

A statistical analysis of peak flows was not possible because very few

unregulated condition peak flow estimates are available. Accordingly, the

adopted peak flow-frequency curves are graphical curves. The adop:ted curves

for Farad, Reno, and Vista are identical to those presented in the December
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1971 Truckee River "Master Report on Reservoir Regulation for Flood

Control." The same curves were adopted for this study because the current

analysis does not indicate a significant change from the earlier work. The

adopted peak flow-frequency curves for below Derby Dam and Nixon were drawn

by keeping the relationship between the peak and i-day curves approximately

the same as at Vista. The adopted peak curves are consistent with the 1.-day

curves, the historical data, and the computed standard project floods.

b, eg Id.......o.nd..t~io-n.s. -- Frequency curves for regulated condit ions

were based on rec:ords of historical events, appropriately adjusted for the

effects of reservoirs completed since the event, and routings of both

historic and hypothetical floods. All of the adjustments and routings were

made to reflect reseservoir op:eration in accordance with current criteria and

regulations.

Historic records were adjusted based on the fact that for any given

event, the regulated flow at Reno could be no less than local flows

downstream of the reservoir plus reservoir spill. Since none of the historic

events were large enough to cause spill, the regulated flow at Reno would

result from the uncontrolled locals, Uncontrolled locals were estimated as a

percentage of the corresponding unregulated flow at Reno. Percentages were

based on an evaluation of historic events, drainage areas, and normal annual.

precipitation relationships.

The four largest historical events (Nov-Dec 1950, Dec 1955, Jan--Feb

1963, and Dec 1964) were analyzed in more detail by estimating bi-hourly

reservo:ir inflows and local flows below the reservo:i.rs and rout:i.ng these

flows under regulated conditions. Runoff for the 1955 event was identical
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with that developed for the storm and flood analyis described in

Chaplter III. Runoff for the remaining events were developed d irectly from

streamflow records. Reservoir inflows were estimated from outflow and

storage records or by correlation w:ith other sites. Out*fllows from the

reservoirs were routed to Reno and subtracted from the observed flows there

to obta:i.n the uncontroll.ed ].ocal. Local runoff below Reno was estimated from

cons iderat:i.on of observed flows, drainage area, and precipitation patterns,

Regulated condi:ti:ton flows for rare events were determined by routing the

standard project flood (SPF) and the 500, 100, and 50 year hypothetical

floods through the reservoir system., A 20-day standard project flood series,

determined as described in paragraph 27, was used for' the routings instead of

a single 5-day flood wave because it was found that to*ctal. inflow volume as

critical in determining the regulated condition downstream flows. This is

attr'ibuted to the limited channel capacities and small reservoir outlet

capacities :in comparison to inflows. The 500, 100, and 50 year events were

patterned after the SPF series, Flows of these flows are cons istenrt with

volume-durat:ion relationships at Reno. Some adjustments were requ ired for

the one and three day durat:ions to avoid unreasonable d:istortion of the

hydrographs.

The follow:ing conditions and assumptions were used for all regulated

cond ition routings:

a. Al]. reservoirs were assumed to be at the bottom of flood control

pool at the beginning of the event.

0
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b. The error of forecasting local was assumed to be +25%.

c. Rout:i.ng criteria were consistent with the rainfall-runoff models

described in Chapter III.

d. Releases from the reservo~irs included outlet works discharges when

reservoir storage was above gross pool.

e. No channel efficiency contingenc~ies were used since the releases

computed by the simulation model during recession resulted in an effect:ive

channel flow which car~ied from 70-80% of channel capacity.

Regulated condition frequency curves were drawn from the adjusted

and routed flows with plotting positions at all index points based on the

frequency of the corresponding unregulated flow at Reno. The curves are

shown on chart 21.

22. Truckee Meadows tributaries, -

a. Gat.ed locations. - Flow frequency curves for Steamboat Creek, Galena

Creek and Hunter Creek at the stream gage locations were prepared from an

analys:i.s of the stream flow record, These frequency curves were used as the

basis for developing flow-frequency relationships for ungaged streams in the

area. This area is subject to both winter general rain floods and summertime

cloudburst floods. There is insufficient data to analyze each type event

separately; accordingly, an all event analysis was made using the annual

O11 maximum flows regardless of their origin.
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Computed and adopted statistical parameters at each of the stations are

listed in the following tab].e. As indicated, the adopted means to ecqual to

the computed means; the adopted standard deviations are based primarily on

the computed standard deviations but have been rounded and smoothed somewhat

to give consistent volume-duration relationships; the adopted skews have been

substantially rounded and smoothed. The curves are shown on charts 22, 23,

and 24 and are consistent with the historical data. The expected probability

adjustment is based on the number of years of record at each stations.

TABLE 17

STATISTICAL PARAMETERS FOR FLOW
FRE"QUENCY CURVES ..- STEAMBOAT, GAL.ENA AND HUNI"EI CRIEKS

Steamboat Creek : Galena Creek HuntLer Creek
at Steamboat nr Steamboat : nr Reno

Contrib DA = 39.3 : DA =: 8.5 ' DA = 11.5
square miles : square miles : square miles

...........lo .. 17-Years.............. Re c ord) (1 - e r e od 1 -Years Record)Flow : aramater:: :::

Du ration: (Log Units) Computed: Adopted :Co)mpu~ted: Adopted Computed Adopted..........aI........ ... . ..._ ....(.. .... ....... ...... -........ ..u. .............A.d..o ...... ................................. ... .......... ......... .e.. ................. ........... ...................... .... ........Id......... .....

Peak Mean 2.163 2.163 2.057 2.057 1.799 1.799
Std dev .434 .46 .517 .46 .454 .46
Skew +.564 +.6 +1.724 +.6 +41.728 +.6

1-Day Mean 1.798 1.798
Std dev .420 .42
Skew +.582 +.6

3-Day Mean 1.618 1.618
Std dev .415 .40
Skew +.552 +.5

7-Day Mean 1.479 1.479
Std dev .385 .38
Skew +.263 +.4

15-.Day Mean 1.348 1.348
Std dev .363 .37
Skew +.067 +.3

30-Day Mean 1.229 1.229
Std dev .349 .35
Skew +.235 +.2
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b. .U.i]g~age.d lo..1.9c.a~oti.ko~ns.. -.

(0[) v.an.s..Dry.-[hornas.an.dWhites Creeks. - Peak flow frequency

curves were prepared for each of these creeks at Steamboat Ditch and for Dry

Creek at Highway 395. All of these streams drain the eastern slopes of Mt.

Rose and are similar in size, slopes, location, and exposure to the gaged

streams of Hunter, Galena, and Steamboat Creeks. Accordingly, it was assumed

that the shape of the peak flow-frequency curves for these ungaged locations

would be sim:ilar to frequency curves for the gaged streams. The adopted

curves, shown on chart 26, were based on ratios of the standard project

flood. Ratios used are averages of ratios determined from the Hunter,

Galena, and Steamboat curves. Ratios are tabulated below.

Flood Ratios of SPF

1000 Yr 4.31
500 yr 2.06
SPF 1.00
200 yr .84
100 yr .45

50 yr .24
20 yr .11
10 yr .06

(2) Sqte_.amboatCre.ekand.Bn.ton...SL. - Peak flow-freluency

curves were prepared for Steamboat Creek at Huffacker Hills damsite and at

the mouth and for Boynton Slough below Dry Creek, Flows at these locations

are affected by routings across Truckee Meadows. Accordingly, the procedures

used :i.n subparagraph ([) were not used because the storage effect of the

Meadows is not reflected in the frequency curves at the gaged locations.

0
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Bothli general rain anid cloudburst events were anal]yzecl us:i.ng ra:i.rnFal.l

runoff computations and the resulting flow-frequency curves were combined

statist:i.cally to produce an all events curve. The curves are shown on charts

25 and 27. The general rain curve was prepared using ratios of" the standard

p:)roject flood. RatLi os were developed from the 1-.day flow frequency curve for

the Steamboat Creek near Steamboat gage. The cloudburst curve was prepared

using rat:ios of standard project cloudburst storm prec:ipi.tation to develop

various frequency cloudburst floods. Ratios were obtained from the Reno

3-hour precipitation frequency curve (chart 29). The combined curves were

checked by developing a flow-frequency curve for Steamboat Creek at the gage

using the above procedure and comparing it to the adopted curve at the gage.

This check indicated the combined curves are reasonable.

(3) NTorthTruckee.Drain. - The area drained by North Truckee Drain

(Spanish Springs Valley) is not typical of Steamboat Creek and its

tributaries. Accordingly, the analysis of streamflow records on Steamboat

Creek cannot be applied to North Truckee Drain. The area consists of many

small streams that drain the foothill areas surrounding the valley. These

streams flow out onto the flat valley floor where there are no defined stream

channels other than North Truckee Drain at the lower end of the valley.

Flooding from North Truckee Drain does not occur frequently. For example,

Tudor Erngirneer:ing Company reported that a local rancher who has lived in the

area for 32 years stated that the drain had overflowed Spanish Springs Road

(located at the lower end of Spanish Springs Valley) only twice in that

period. Estimates of this flow by Tudor was about 270 cfs.
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Recognizing the characteristics of the area, a peak flow-frequency curve

for the area was developed using rainfal].--runoff computations for the upper

end of the curve and the historical experience in the area for the lower end

of the curve. The estimated frequency curve is shown on chart 28. The upper

end of the curve was drawn using the computed 100-year and 500-year (standard

project) general rain floods, Standard project storms and floods are

discussed in Chapter VI. The 100-year storm amount was determined using a

3-day precipitation frequency curve for Reno (chart 30). A cloudburst flood

was not developed because it was reasoned that this type of event probably

would not contribute significant amounts of runoff at the lower end of the

valley due to the fact that the low volume in these types of floods would be

lost crossing the valley floor. The resulting curve is reasonably consistent

with flows developed for flood insurance studies.
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CHAPTER VI

STANDARD PROJECIT FLOODS

23. Genera. - Standard project floods (SPF) were computed for the Truckee

River and for the Truckee Meadows tributaries, Both general rain and

cloudburst events were analyzed. The general rain event produces the highest

peak flows on the Truckee River while the cloudburst event produces the

highest peak flows on the Truckee Meadows tributaries, The general rain

event was adopted for standard project flood computation on North Truckee

Drain (Spanish Springs Valley) because, as previously stated, the low volume

of a cloudburst flood would essentially be lost as it flows across the valley

floor.

24. a r..

a. General.rain. - Standard project storm (SPS) amounts equal to 60

percent of probable maximum precipitation were adopted. Probable maximum

precipitation (PMP) amounts were determined using Hydrometeorological Report

No, 49, "Probable Maximum Precipitation, Colorado and Great Basin Drainages,"

dated September 1977. The December storm was used since it produces the

highest precipitation over the basin.

(1) Truckee River basin. - The Truckee River storm was centered

over the basin above Lawton since this area is the major contributor to

runoff at downstream points. Concurrent storms were computed for the areas

between Lawton and Vista and between Vista and Nixon. Adopted SPS amounts

and a comparison with historical storms are tabulated below,

0
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TABL3..E 18

GENERAI. RAIN SIANDARD FPROJECT AND
HISTORICAL STORM AMOUNTS

.~~~~~~~~~~~~~~~ ~ ~ ~ ~ .. ..................................... ............. ........................ .... ........ ......................... .......... ... .s ...t .o................... _ ..q .!..... n... ...... ....... ......I . . e... .... )........... ....... ... ......................................................................... ....... .....
............... Storm Amounts (inches

..SPS . 2.1.--23 Dec 30 Jan-1 FebS.......................... . :..e.....a.. ............. .................................. ;....... ....... ........ ( _ .:: b .: ......... .......... ...... ....... ....... ................. .... ..................................... ; ......................... ... ....1 2 A 3....................................... '.......

Above L.awton 11.5 9.8 9.5
I...awton to Vista 6.1 5.0 5.4
Vista to Ni:xon 4.3 2 + 1.8

(2) .t....m..at.... .. reekn.h •.Sprins..V.a ey.. - Standard proj ect

storms were centered over Steamboat Creek above its mouth and over Spanish

Spr:i.ngs Valley above index point 620. Storm amounts (72 hour durat:ion) for

the two areas are 7,1 and 6,2 inches, respectively.

b. C].oudburst, - Cloudburst SPS amounts (3-hour durat:i.on) were

developed using 35 percent of the maximum 3-hour cloudburst probable maximum

prec:i.p:i.ptat ion. As ind:i.cated on chart 29, the SPS has an ex ceedance Frequency

of about 0,2 per hundred years. Probable maximum precipitation was

determ:i.ned fr'om Hydrometeorologi[cal Rep:ort No. 49. Several. storm centerings

were used to develop standard project floods at the various index points.

Center:i.ngs and storm amounts are tabulated on table :19.
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TABLE 19

CLOUDBURST STANDARD .PROJECTI STORMP AMOUNTS

............................. ......... ............ ................ ....................... I.................................... ............ ....... ................................................... ...... ........ ............ ........................................................... ........... .................................................................................:S PC etrn dSo r
SlPS Centeri ng and Storm

.~ ~ ~ ~ ~ A o n .3 H ... ur........ Io.....n..........) ...............................
: Index Specif::c
* Point Over : SPD Concurrent : SPS

Galena Creek nr Steamboat 20 201, 20 3,54 No Concurrent .

Whites Creek at Steamboat
D:itch 44 42 3.59 44 3,01

Thomas Creek at Steamboat
Ditch 48 48 3.47 No Concurrent

Dry Creek, at Steamboat
Ditch and at Hwy 395 622 621, 622, 3.50 64 2.92

623, 624

Boynton Slough 70 62, 64, 3,06 60, 72, 74, 2.47
66, 68 76, 78

Evans Creek at Steamboat
Ditch 66 66 3.54 No Concurrent

Steamboat Creek at
Steamboat 30 15, 201, 2.80 30, 35, 40 1.8/1

20, 25, 46, 50, 60
42, 44,
48

Steamboat Creek at
Huffacker Hills 60 15, 201. 2.80 30, 35, 40, 1.84

20, 25, 46, 50, 60
42, 44, 48

Steamboat Creek at mouth 84 15, 201, 2.35 46, 50, 60 1 .66
20, 25, 64, 68, 70 1,36
30, 35, 72, 74, 76,

40, 42, 78, 80, 82,
44, 48, 84
62, 66

25, Snow effects.- A snowpack was assumed to exist over the Truckee River

Basin prior to the occurrence of the standard project general rain storm

because there is normally a snowpack present on the basin in the wintertime.

There would be no snowpack prior to a cloudburst storm because these events 1

occur during the summertime.
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An initial snowpack over the area above L.awton, varying from zero at the

4,400 foot elevation to about 140 inches at the 9,000 foot elevat:ion, was

adopted for standard project general rain flood computations. This pack is

s :ii.lar to that wh:i.ch existed over the basin prior to the December 1955 storm

and flood except that the lower edge has been extended to the 4,400 foot

elevation. The pack :i.s also similar to that obtained from the Sacramento

Districts' criteria presented :i.n "Standard Project Criteria for General and

Local Storms, Sacramento-San Joaquuin Valleys, California," dated April 1971

and used in earlier studies of the Truckee River Basin, A snowpack equal to

50 percent of the pack above L.awton was adopted For the area between Lawton

and Vista while a pack equal to 25 precent of the pack above Lawton was

adopted fro the area below Vista. These percentages are based on a

comparison of average 1 February snow depth measurements in the basin taken

From "Summary of Snow Survey Measurements for Nevada," Soil Conserviat:i.on

Service, 1910-67 and 1968-72. Adopted snowpacks are shown on chart 31.

Potent:i.a1 snowmelt rates were computed For each 1,000 Foot elevation

band by use of the melt equation for rain-on-snow conditions and partly

forested areas given in EM 1110-2-1406. Precip:itat ion di:.stributtion, w:i.nd,

and temlperature data for use on this equation were those observed during the

January-February 1963 storm. This event was used as a pattern s:i.nce it is

the largest flood of record in the basin. Storm amounts were distributed to

the various elevation zones in proport:ion to the normal annual precip:i.tat:ion

of the zones. Prec:ipitation was assumed to fall as rain when temperatures

were above 32'.
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The influence of the snowpack on runoff was determined as discussed in

paragraph 14a. Table 20 summarizes the rain on snow computations for the

Truckee River Standard Project Flood.

Band excess amounts were distributed to the var:ious subareas in

proportion to the percentage of each subarea in each elevat:ion zone. The

entire area below 9,000 feet was considered to be contribut:i.ng even though

the snowme].t computations indicated that only the area below 8,000 feet would

be contributing between Lake Tahoe and Vista. This assumption is

conservative and does not introduce a signficant increase in runoff since the

additional drainage area involved is only about 40 square miles.

26. Standard.project.floods.-..unregulated.c..d.i.ti..*. Standard project

floods for unregulated cond it ions were computed using the unit hydrograph,

loss rate, base flow, flood routing and storm criteria discussed previously.

These floods do not include the effects of Boca, Stampede, Prosser, and

Martis Creek Reservoirs, Pertinent data on these floods are shown on Tables

21 and 22. Typical hydrographs are shown on charts 32 and 33.

0
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27. r.'lI.ýa.,.proj p flAod.s.ries,.- A 20-day standard project flood series

for the lruclkee Ri.\ver was deve.loped for op:)erat ion s tud:ies involv:i.ng t.he

upstream reservoirs. Th:is series, as plotted on chart 34, was developed to

be cons istent with the volume-durat ion curves for the Truckee River at Reno.

The 200-year vrolume was used for durations bet;ween 5 and 20 days. The series

consists of four 5-day waves For- volumes as :i.nd icated on Table 13 . Each wave

was patterned after the main wave.

28. Standard project floods -d regulatedcod itions. .- Regulated condit:ion

standard project floods were developed for the Truckee River" by rout:i.ng the

unregu.lat;ed cond~i.tion SPI:' s through Boca, Stampede, Prosser, and Mart.is Creek

Reservoirs. Routings through these reservoirs were made in accordance w:i.th

regulatitons specified in the "Master Report on Reservo`:i.r Regulation For Flood

Control -- Truckee River Reservoirs," dated December 1971[. Flood hydrographs

are shown on chart 32. Pert:i.nent data are shown on Table 24.

TABLE 23

TRUCKEE RIVER AT RENO
STAN DARD PROJECT FLOOD SERIES

Duration Volume . Time Order
. ... d a s .... (....... Cf ...... .............. of....... O ccr ren ce

5 96,900 3r'd (main wave)

5 25,000 2 nid

5 15,000 4th

5 12,000 1 st
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TABLE 24

GENERAL.. RAIN STANDARD PROJIiC FLOO[DS
REGUIAIED CONDIITIONS

.. . . . . . . . ........... . . . ................. ........... .............. .. .... ...... .. ....... . .... .. ... Y

Tr'uckee River at Reno 600 40,000 121,000

(USGS #3480)

Truckee River at V'ista 700 37,000 170,000
(USGS #3500)

Tr'uckee River below 720 37,000 172,900

Derby Dam (USGS #3516)

Tlruuckee River near Nixon 740 34,300 163,200

(USGS #3517)

...........I......I.................................................................................................................................................................. . . . . .......... ..... . . . . . . . . . . . . . . . . . . . . . . . .
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CHAlPER VII

PROBABLE MAXIMUM FLOODS

29. Gen'.al. -- General rain and cloudburst probable max:i.mum floods (PMF)

were developed for Steamboat Creek at the Huffacker Hills damsite. Both

types of .floods were considered since it is not known which type of event

would be critical for spillway design.

30. Probable maximum precic:i.p:i.t.ation (PMP)

for, both the general rain (72-.hour duration) and cloudburst (6-hour duration)

storms was determ:i.ned using Hydrometeorological Report No. 49, "Probable

Maximum Precipitation Estimates, Colorado River and Great Basin Drainages,"

dated September 1977.

a. G•e.n.era.l. rain_. - The December general rain storm was adopted for

computat ion of the general rain PMP since it produces the h:ighest

precipitation. General rain PMP for a storm centered over the area above the

damssite is 11..9 inches.

b. Cloudburst. - A cloudburst centered over the upper aeas of the basin

was adopted for cloudburst PMF computations. [his centering is identical t;o

that used for computation of the standard pr-oject flood at* the damsite, The

storm amount for the upper areas (subareas 15, 201, 20, 25, 42, 44, and 48)

is 8.0 inches while the concurrent amount for the lower areas (subareas 30,

35, 40, 46, 50 and 60) is 5.2 inches.
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31. Snow effects A.enerai1r.ain f].ood). - A snowpack was assumed to exist

over the basin above the Huffacker Hills damsite prior to the occurrence of

the general rain PMF because there is normally a snowpack on the basin the

winter-time. Since the PMF would most likely occur during the December -

January period (December adopted for this study - see paragraph 30a) a review

of maximum historic snow depths during this period was made to establish a

reasonable snowpack. The snowpack on I February 1952 was found to be

substantially larger than any other historic snowpack. This pack was adopted

for PMF computations w:ith the exception that it is somewhat deeper at the

lower elevations. Snow densities were assumed to vary from 40 percent at the

5,000 foot elevations to 30 percent at the 10,000 foot elevat:ion. These

densities are essentially equivalent to the 1952 densities but are somewhat

higher than normal snowpack densities for this t:i.me of year. The adopted

pack is about twice as large and substantially more dense than the pack used

for SPF computations. Snow depths and densities are shown on table 25.

Potential snowmelt rates were computed for each 1,000 foot elevation

band by use of the melt equation for rain-on-snow conditions and partly

forested areas given in EM 1110-2-1406. Precipitation distribution, wind,

and temperature data for use in this equation were based on criteria

presented in Hydrometeorological Report No. 36, "Interim Report, Probable

Maximum Precipitation in California," dated October 1961, Report No. 36 was

used for wind and temperature data because Report No. 49 does not present

this information. Use of Report No. 36 was informally discussed w:ith

representatives of the Hydrometeorological Branch of the National Weather

Service and agreed upon as being applicable to the Steamboat Creek Basin,

wRevised June 1980
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Storm amounts were distributed to the various elevation zones in proporation

to the normal annual precipitation of the zones. Precipitation was assumed

to fall as rain when temperatures were above 32"F.

The influence of the snowpack on runoff was determined as discussed in

paragraph 14a. Table 25 summarizes the rain--on--snow computations. Band

excess amounts were distributed to the various subareas in proportion to the

percentage of each subarea in each elevation zone. The entire area was

considered to be contributing even though the snowmelt computations indicate

that the small area above 10,000 feet would be non-contributing.

32. Pl.r.o.bable. maximum floods. - Probable maximum floods were computed using

the unit hydrograph, loss rate, base flow, flood routing, and storm criteria

discussed previously. Hydrographs are shown on chart 35. The cloudburst PMF

has a peak flow of 94,000 cfs and a 24-hour volume of 34,100 acre-feet. The

general rain PMF has a peak flow of 35,500 cfs and a 4-day volume of 67,500

AF.

*Revised June 1980
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UNIT HYDROGRAPH CH

DRAINAGE AREAS BELOW 8,00(

SUBAREAS 3380 3385 50 100 3394 3397 3399 3403

C

Contributing D.A. (Sq. Mi.) 39.1 13.2 15.1 14.1 27.6 24.4 7.4 15.7

L (Mi.) 11.2 5.1 7.9 9.0 9.1 10.2 6.2 5.8

Lca (Mi.) 5.9 2.6 4.7 3.6 2.9 5.3 3.0 2.2

SLOPE (Ft./Mi.) 185.7 405.9 276.0 151.1 139.6 225.5 290.3 237.6

LLca/S" 5  4.85 0.66 1.95 2.64 2.24 3.60 1.10 0.83

n 0.06 0.06 0.06 0.06 0.12 0.06 0.06 0.06

LAG (Hours) 2.6 1.2 1.9 2.1 3.9 2.4 1.5 1.4

S-CURVE

ONE HOUR I,

(End of

TIME PERIOD
(Hours)

1 5060 3618 2832 2349 2157 3580 1696 3980
2 5047 2277 2320 2055 2753 3350 1215 2661
3 3791 1240 1549 1433 2268 2432 735 1524
4 2848 675 1035 1000 1872 1766 445 872
5 2141 368 691 698 1545 1283 269 500
6 1609 200 462 486 1275 931 163 286
7 1207 109 309 339 1053 676 98 164
8 908 59 206 237 869 491 59 94
9 682 30 137 165 717 356 36 54
10 512 92 115 591 258 22 24
11 384 61 80 488 188 11
12 289 41 56 403 136
13 217 27 39 333 99
14 163 9 27 275 72
15 123 19 226 53
16 92 1 187 38
17 69 154 26
18 52 128
19 37 105
20 87
21 71
22 59
23 49
24 40
25 33
26 27
27 23
28 18
29 4
30
31
32
33
34
35
36
37

TOTAL 25231 8576 9771 9099 17810 157ý5 4749 10159

NOTE;

Unit hydrographs for subareas 502-650, 68-84, and 700-760 are shown on Table 10.



TABLE 8

UNIT HYDROGRAPH CHARACTERISTICS AND ORDINATES
DRAINAGE AREAS BELOW 8,000 FEET, MSL, FOR THE DEC 1955 FLOOD

100 3394 3397 3399 3403 3405 200 3420 3430 3435 3113 3'44 3115

CHARACTERISTICS

14.1 27.6 24.4 7.4 15.7 2.7 8.3 32.4 5.8 10.1 70.5 8.2 25.5

9.0 9;1 10.2 6.2 5.8 3.5 3.8 12.8 5.0 4.3 13.3 5.9 8.2
3.6 2.9 5.3 3.0 2.2 1.4 1.4 7.8 2.5 1.6 3.6 3.9 2.5

151.1 139.6 225.5 290.3 237.6 93.7 331.6 63.3 540.0 184.0 94.9 184.2 183.4 2
2.64 2.24 3.60 1.10 0.83 0.51 0.30 12.55 0.54 0.52 4.85 1.71 1.50

0.06 0.12 0.06 0.06 0.06 0.06 0.06 0.08 0.06 0.06 0.06 0.06 0.06
2.1 3.9 2.4 1.5 1.4 1.1 0.9 5.0 1.2 1.1 2.6 1.8 1.7

TRUCKEE RIVER BASIN - MARTIS CREEK - MOUNTAIN

ONE HOUR UNIT HYDROGRAPH ORDINATES
(End of period flow in c.f.s.)

2349 2157 3580 1696 3980 797 2865 1742 1681 2964 9127 1611 5260
2055 2753 3350 1215 2661 466 1412 2678 1000 1743 9104 1280 4056
1433 2268 2432 735 1524 238 620 2308 519 896 6839 837 2595
1000 1872 1766 445 872 122 272 1987 270 460 5138 548 1661

698 1545 1283 269 500 62 119 1711 140 236 3862 358 1062
486 1275 931 163 286 32 53 1473 73 121 2902 234 680
339 1053 676 98 164 16 16 1269 38 62 2178 153 434
237 869 491 59 94 8 1092 20 32 1638 100 278
165 717 356 36 54 1 941 3 3 1231 65 177
115 591 258 22 24 810 924 43 114
80 488 188 11 698 693 28 73
56 403 136 601 522 18 46
39 333 99 517 391 10 5
27 275 72 445 293
19 226 53 384 222

1 187 38 330 166
154 26 284 125
128 245 94
105 211 67
87 181
71 156
59 134
49 116
40 100
33 86
27 74
23 63
18 55
4 48

40
35
30
26
22
19
16

'4

9099 17810 J5735 4749 10159 1742 5357 20931 3744 6517 45516 5285 16441

700-760 are shown on Table 10.



)RDINATES
E DEC 1955 FLOOD

3130 3435 3443 3444 3415 300 3460 '00 3473 500

5.8 10.1 70.5 8.2 25.5 2.3 21.8 29.3 13.6 27.6
5.0 4.3 13.3 5.9 8.2 1.6 11.1 8.7 3.4 9.9
2.5 1.6 3.6 3.9 2.5 0.8 5.2 2.4 1.2 3.6

540.0 184.0 94.9 184.2 183.4 259.5 165.8 244.0 400.0 239.4

0.54 0.52 4.85 1.71 1.50 0.09 4.53 1.32 0.20 2.27
0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06' 0.06
1.2 1.1 2.6 1.8 1.7 0.6 2.6 1.6 0.8 2.0

S CREEK - MOUNTAIN

1681 2964 9127 1611 5260 1061 2914 6316 3190 4881
1000 1743 9104 1280 4056 314 2864 4731 2228 4131

519 896 6839 837 2595 85 2134 2963 860 2820
270 460 5138 548 1661 23 1591 1856 332 1927
140 236 3862 358 1062 2 1187 1161 128 1315

73 121 2902 234 680 885 728 39 898
38 62 2178 153 434 659 455 613
20 32 1638 100 278 492 285 418
S3 1231 65 177 367 178 286

924 43 114 273 112 195
693 28 73 204 70 133
522 18 46 154 28 91
391 10 5 113 62
293 84 42
222 63 7
166 47
125 35

94 26
67 10

3744 6517 45516 5285 16441 1485 14102 18883 8777 17819

5 SHEET 2 OF 2 TABLE 8



T

UNIT HYbROGRAPH CHA
DRAINAGE AREAS BELOW 9,000 FEET, MSL, .FOR THE!

SUBAREAS 3380 3385 50 100 3394I 3397 3399 3403

CHJ

Contributing D.A. (Sq. Mi.) 46.0 14.6 17.6 114.1 40.0 27.4 7.i4 15.7

L (Mi.) 11.4 5.5 8.1 9.0 ,10.2 10.3 6.2 5.8

Lca (Mi.) 6.3 2.9 4.4 3.6 2.9 6.0 3.0 2.2

SLOPE (Ft./ti.) 270.2 449.1 318.5 151.1 179.4 301.0 290.3 237.6

LLca/S" 5  4.37 0.76 2.00 2.64 2.21 3.57 1.10 0.83

n 0.06 0.06 0.06 0.06 0.12 0.06 0.06 0.06

LAG (Hours) 2.5 .1.3 1.9 2.1 3.9 2.3 1.5 1.4

S-CURVE TRI

ONE HOUR UNI

(End of pe

TIME PERIOD
(Hours)

1 6227 3808 3263 23149 3145 4041 1696 3980
2 6073 2484 2687 2055 4002 3772 1215 2661
3 4510 1394 1801 1433 3295 2736 735 1524
4 33149 782 1208 1000 2717 1983 445 872
5 24189 J439 809 698 2241 1439 269 500
6 1849 246 542 486 1847 1043 163 286
7 1371 138 364 339 1524 757 98 164
8 1020 78 243 237 1257 549 59 94
9 758 43 163 165 1037 398 36 54
10 561 11 109 115 854 288 22 24
11 417 73 80 7014 209 11
12 310 49 56 581 151
13 230 33 39 479 110
14 170 13 27 396 80
15 127 19 325 58
16 95 1 268 142
17 70 221 27
18 52 183
19 10 150
20 124
21 102
22 85
23 70
24 58
25 48
26 39
27 32
28 26
29 3
30
31
32
33
314
35
36
37
38
39

TOTAL 29688 91423 11357 9099 25813 17683 147149 10159



TABLE 9

UNIT HYbROGRAPH CHARACTERISTICS AND ORDINATES
,000 FEET, MSL, .FOR THE STANDARD PROJECT GENERAL RAIN AND JAN-"FEB 1963.FLOODS

394 3397 3399 3403 34.05 200 3120 3430 3435 3443 3444 3445 300 3'

CHARACTERISTICS

0.0 27.4 7.4 15.7 2.7 8.3 36.5 7.6 10.8 81.1 10.0 26.0 2.3 41
0.2 10.3 6.2 5.8 3.5 3.8 12.8 5.4 4.7 13.3 6.6 8.2 1.6 1.
2.9 6.0 3.0 2.2 1.4 1.4 7.6 2.6 1.7 4.2 4.8 2.5 0.8
9.4 301.0 290.3 237.6 93.7 331.6 139.8 648.2 355.2 155.0 363.2 256.7 259.5 26'
2.21 3.57 1.10 0.83 0.51 0.30 8.23 0.56 0.43 4.54 1.68 1.27 0.09
0.12 0.06 0.06 0.06 0.06 0.06 0.10 0.06 0.06 0.06 0.06 0.06 0.06
3.9 2.3 1.5 1.4 1.1 0.9 5.4 1.2 1.1 2.6 1.8 1.6 0.6

TRUCKEE RIVER BASIN - MARTIS CREEK - MOUNTAIN

ONE HOUR UNIT HYDROGRAPH ORDINATES
(End of period flow in c.f.s.)

1145 4041 1696 3980 797' 2865 1766 2195 3365 10803 1979 5699 1061 6
W002 3772 1215 2661 466 1412 2865 1315 1864 10619 1567 4226 314 6
1295 2736 735 1524 238 620 2496 687 909 7918 1022 2626 85 4
!717 1983 445 872 122 272 2168 359 443 5905 667 1632 23 3
!241 1439 269 500 62 119 1884 187 216 4406 434 1014 2 2
L847 1043 163 286 32 53 1637 98 105 3286 284 630 1
L524 757 98 164 16 16 1423 51 51 2448 185 391 1
L257 549 59 94 8 1236 27 16 1828 120 243 1
L037 398 36 54 1 1074 6 1364 78 151
854 288 22 24 934 1014 51 94
704 209 11 811 756 33 58
581 151 705 565 22 16
479 110 612 420 10
396 80 532 313
325 58 462 234
268 42 402 175
221 27 349 131
183 303 97
150 264 37
124 229
102 198
85 173
70 150
58 130
48 114
39 98
32 85
26 74
3 64

56
49
42
37
32
28
24
21
18
9

813 17683 4749 10159 1742 5357 23554 4925 6969 52319 6452 16780 1485 31



[IATES
RAL RAIN AND JAN-FEB 1963 FLOODS

0 34,35 3443 3144. 34.45 300 31160 '400 311.73 500

s £0.8 81.1 10.0 26.0 2.3 49.4 37.6 0. 0 32.1
.4 4.7 13.3 6.6 8.2 1.6 114.4 9.3 14.1 10.8

5 1.7 14.2 14.8 2.5 0.8 14.5 3.1 1.7 2.8

2 355.2 155.0 363.2 256.7 259.5 267.2 141414.2 621.0 335.8
56 0..43 14.514 1.68 1.27 0.09 l4.00 1.35 0.28 1.63
06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06
2 1.1 2.6 1.8 1.6 0.6 2.4 1.6 0.9 1.7

EK - MOUNTAIN

15 3365 10803 1979 5699 1061 69149 8059 5609 6422
.5 18614 10619 1567 4226 314 6650 6057 2712 5051
17 909 7918 1022 2626 85 14889 3814 1169 3278
0 443 5905 667 1632 23 3594 2398 5014 2129
17 216 4406 14314 1014 2 261414 1507 217 1381
08 105 3286 2814 630 19143 948 914 897
51 51 24148 185 391 11428 5914 22 581
!7 16 1828 120 i 243 1051 3714 377
6 13614 78 151 773 234 244

1014 51 94 567 148 159
756 33 58 1417 93 103
565 22 i 16 307 12 67
420 10 225 26
313 166
234 122
175 90
131 65
97 32
37

'25 6969 52319 6452 16780 11i485 31912 2i4278 10327 20715

3 SHEET I OF 3 TABLE 9



UN IT HYDR
AREAS BELOW 9,000 FEET, MSL,

SUBAREAS 502 505 510O 51i5 520 .522 524t 526 528 530 514

D.A. (Sq. Mi.) 1.6 5.4, 1.3 1.9 5.4, 4,.0 1.9 2.0 2.2 2.3 O.'
L (Mi.) 1.9 5.2 1.4, 3.0 5.5 4,.2 2.4$ 3.6 4.2 2.7 3.
Lea (Mi.) 0.8 2.8 0.5 0.9 2.3 2.1 1.1 1.5 1.8 1.4, 1.'
S SLOPE (Ft./Mi .) 84,9.5 564.6 735.3 280.5 44I8.7 731.4 310.6 191.0 179.9 579.9 N4u.
LLca/S"5 0..05 0.61 0.03 0.17 0.61 0.34 0.16 0.40 0.56 0.16 0.,

R 0.075 0.075 0.075 0.06 0.06 0.075 0.06 0.04 0.04 0.06 0.1
LAG (Hours) 0.6 1.5 0.5 .0.8 1.2 1.2 0.7 0.7 0.8 0.7 0..

S-CURVE 1/ 2/ 2/ 2/ 2/ 2/ 1/ 11/ 1 2/ 1

TIME PERIOD
(Hours)

1 74,1 1018 665 804 1390 1030 807 878 917 1022 269;
2 17 5 1289 lie 304 1280 950 251 251 328 358 12E
3 59 604 37 69 446 331 85 85 110 76 4J
4 23 270 6 21 189 140 40 39 54 25 21
5 3 1.36 14 70 52 16 12 25 16 1.2
6 61 2 38 28 1 5f
7 33 30 22 1
8 27 23 17
9 22 7 5
10 Is
11 6
12
13

15
16
17
is
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

37

39
40

42
43

45
46
47

TO TAL 1001 3484L 826 1214, 3459 2575 1200 1265 14,39 1497 4,78

I/ Truckee Meadows average vall|ey -GR/CB.

2/ Truckee Meadows average mountain - GR.

31 Spanish Springs valley- GR/C8.



TABLE 9

UNIT HYDROGRAPH CHARACTERISTICS AND ORDINATES
9,000 FEET, MSL, FOR STANDARD PROJECT, DEC 19.55 AND JAN-FEB 1963 FLOODS

528 530 540 550 560 565 570 580 585 590 595 600 602 6011

CHARACTERISTICS

2.2 2.3 0.7 2.1 1.2 2.1 0.3 14.0 2.0 2.4 1.4 0.4 2.5 1.8
'4.2 2.7 3.2 3.0 2.1 3.2 1.0 14.0 2.2 2.9 2.6 1.7 3.8 2.4
1.8 1.4 1.7 2.1 1.0 1.5 0.5 2.0 1.2 1.5 1.3 0.6 2.3 1.5

179.9 579.9 914.14 323.14 1488.2 161.9 111.1 212.1 107.2 229.6 87.1 140.9 187.9 25.3 6

0 0.56 0.16 0.28 0.35 0.10 0.38 0.06 0.55 0.26 0.29 0.38 0.17 0.63 0.70
14 0.04 0.06 0.06 0.06 0.06 0.02 0.02 0.06 0.03 0.06 0.03 0.02 0.06 0.02

0.8 0.7 0.9 1.0 0.6 0.3 0.2 1.2 0.5 0.9 0.5 0.3 1.2 0.14
1/ 2/ 1/ 2/ 2/ 1/ 1/ 2/ 1/ 1/ 1 / 1/ 1/

ONE HOUR UNIT HYDROGRAPH ORDINATES
(End of period flow in c.f.s.)

917 1022 269 713 591 11914 192 1092 1097 839 726 269 534 958
328 358 128 1452 1110 130 1 9146 167 1420 1314 15 671 1142
110 76 141 134 24 12 318 44 135 42 191 36
54 25 21 143 12 131 2 68 8 98 1
25 16 12 18 1 147 39 58

5 6 114 28 19 39
1 8 22 4 25

16 14
1 5

1439 11497 1478 1382 768 1336 193 2601 1310 15214 910 2814 1635 1137 2



S
I JAN-FEB 1963 FLOODS

590 595 600 602 604 606 610 620 625 630 640 650

2.4 1.4 0.14 2.5 1.8 14.4 10.3 58.9 2.4 8.8 2.3 1.7
2.9 2.6 1.7 3.8 2.14 14.7 7.0 13.5 2.7 5.7 2.6 5.1

1.5 1.3 0.6 2.3 1.5 2.7 3.4 7.7 1.5 3.6 1.8 3.0
229.6 87.1 140.9 187.9 25.3 68.1 189.14 135.5 175.8 128.3 11.6 11.7

5 0.29 0.38 0.17 0.63 0.70 1.55 1.75 8.93 0.31 1.83 1.35 4.47
3 0.06 0.03 0.02 0.06 0.02 0.02 0.06 0.17 0.04 0.06 0.014 0.06

0.9 0.5 0.3 1.2 0.14 0.6 1.8 9.4 0.6 1.8 1.1 2.6
1/ ~ ~ 1/ 1 / I/ 11 2/ 3 / 1 / 1

839 726 269 534 958 2165 1,447 58 1118 665 618 58
420 1314 15 671 142 1473 2288 154 279 21164 515 264
135 42 191 36 158 1377 333 94 1075 151 336
68 8 98 1 54 643 871 39 497 78 1146
39 58 2 363 2113 300 46 84
19 39 200 31189 206 29 514

4 25 103 4077 145 16 39
14 56 3685 109 5 305 46 3157 83

39 2730 61 19
314 2361 1414 15
28 2041 27 13
12 1766 13 10

1526 2 8
1319 7
1141 5
987 3
853 2
737 1
638
551
475
1411
355
307
265
230
198

,171
148
128
110
96
83
71
61
52
44
38
314
30
27
24
21
18
15
11

1524 910 2814 1635 1137 2852 6636 38010 1536 5691 11458 1118

SHEET 2 OF 3 TABLE 9



UNIT HYDROGR
DRAINAGE AREA BELOW 9,000 FEET, MSL, F(

SUBAREAS i5 20 25 30 35 '10 412 411 46 18 50

D.A. (Sq. Mi.) 14.5 5.5 8.14 17.8 15.6 2.9 5.6 6.6 1.8 10.5 2.14

L (Mi.) 4.7 6.2 6.3 6.4 8.14 2.6 5.4 4.2 1.7 8.14 1.6

Lca (Mi.) 2.14 2.7 2.9 2.1 14.7 1.0 3.0 1.14 1.0 4.5 1.0

SLOPE (Ft./Mi.) 783.9 547.0 6714.9 186.3 337.3 1145.0 566.0 3814.4 98.8 503.6 171.8

LLca/S" 5  0.4 0.72 0.71 0.99 2.13 0.23 0.69 0.29 0.18 1.67 0.12

f .075 .075 .075 .075 .075 .075 .075 .075 .07 .075 .07

LAG (Hours) 1.3 1.6 1.6 1.8 2.14 1.0 1.6 1.1 0.9 2.2 0.8

S-CURVE 1/ 1/ 1/ I/ 1/ 2/ 1/ 1/ 2/ 1/ 2/

01

TIME PERIOD
(Hours)

1 1049 943 1141 2478 12410 856 982 1843 670 998 988
2 1074 1291 1955 39143 2764 608 1318 1549 306 2031 3145
3 4105 668 1000 2386 2276 183 665 513 100 1520 116
4 178 300 1449 1119 41140 914 299 207 50 878 56
5 73 162 240 631 801 56 158 73 28 472 26
6 33 79 116 350 502 33 76 16 12 305 5
7 25 37 55 181 339 16 36 36 2 189
8 21 28 42 97 213 3 28 25 112
9 114 214 35 80 131 24 63
10 20 30 68 76 20 43
11 15 23 58 58 15 38
12 2 2 18 51 33
13 22 45 29
14 41 27
15 37 21
16 31 7
17 21
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
50

414:
142
143
414
145

TOTAL 2872 3569 5388 111561 10066 1849 3621 4292 1168 6766 1536

1/ Truckee Meadows average mountain - GR.

2/ Truckee Meadows average valley - GR/CB.

3/ Consists of subareas 621, 622, 623 and 6214



TABLE 9

UNIT HYDROGRAPH CHARACTERIS'liCS AND ORDINATES
tEA BELOW 9,000 FEET, MSL, FOR THE STANDARD PROJECT GENERAL RAIN AND JAN-FEB 1960

'2 u44 46 18 50 60 623/ 611 66 68 70 72 741 76

CHARAC'iER I STI CS

5.6 6.6 1.8 10.5 2.4 ?2.4 10.2 4.6 8.4 2.9 3.5 1.9 4.7 2.7 2
5.4 4.2 1.7 8.14 1.6 7.7 4.7 2.5 6.8 3.0 3.7 2.5 4.3 2.8 4
3.0 1.4 1.0 4.5 1.0 2.7 1.5 1.2 3.9 1.14 1.9 1.2 1.7 1.6 2
i6.0 384.4 98.8 503.6 171.8 2416.4 590.1 129.9 557.5 215.7 29.9 80.0 327.1 14.1 2!
0.69 0.29 0.18 1.67 0.12 1.32 0.29 0.27 1.14 0.28 1.28 0.34 0.141 1.18 2

.075 .075 .07 .075 .07 .07 .075 .07 .075 .075 .07 .04 .04 .04
1.6 1.1 0.9 2.2 0.8 1.9 1.1 1.0 1.9 1.1 1.8 0.6 0.7 1.0 1
1/ 1/ 2/ 1/ 2/ 2/ 1/ 2/ 1/ 2/ 2/ 2/ 2/ 2/

ONE HOUR UNIT HYDROGRAPH ORDINATES
(End of period flow in c.f.s.)

982 1843 670 998 988 1554 2827 1361 1065 752 249 868 2081 809
1318 1549 306 2031 345 6105 2376 976 1816 697 955 228 607 567
665 513 100 1520 116 2849 787 294 1164 203 435 77 205 171
299 207 50 878 56 1311 318 151 577 104 200 33 95 88
158 73 28 472 26 784 112 89 319 62 120 7 32 52
76 16 12 305 5 534 70 54 189 40 82 1 31
36 36 2 189 38 55 26 103 23 59 15
8 5 112 283 38 5 53 9 43 3

24 63 219 38 1 33
20 43 166 33 25
15 38 121 28 18

33 82 25 12
29 44 19 6
27 15 5 2
21
7

3621 4292 1168 6766 1536 14450 6583 2956 5434 1891 2239 1213 3021 1736



I AND JAN-FEB 1963 FLOODS

72 74. 76 78 80 82 84 700 720 730 740. 760

1.9 4.7 2.7 2.1 2.8 2.5 5.6 1.5 241.0 49.0 96.0 93.4

2.5 4.3 2.8 1.4 3.4 4.2 4.8 1.9 32.5 13.5 18.3 18.8

1.2 1.7 1.6 2.5 1.7 1.2 3.1 0.5 9.1 6.7 6.9 6.1

80.0 327.1 14.1 25.0 123.9 4.8 88.7 393.0 92.3 293.6 200.0 151.1

0.34 0.41 1.18 2.17 0.54 2.21 1.61 0.05 30.77 5.28 8.93 9.33

.04 .04 .04 .04 .07 .07 .07 .07 .07 .07 .07 .07
0.6 0.7 1.0 1.3 1.3 2.3 2.0 0.6 6.2 3.2 3.9 3.9

2/ 2/ 2/ 2/ 2/ 2/ 2/ 1/ 2/ 1/ 1/ 1/

868 2081 809 380 463 110 319 753 2933 2271 2988 2812
228 607 567 602 820 508 1426 155 8801 6180 8712 8218
77 205 171 172 237 425 791 51 14248 6401 10658 10216
33 95 88 87 118 184 357 15 17184 5071 9804 94187

7 32 52 53 73 105 209 16298 3576 7680 7484
1 31 35 48 71 143 15731 2295 5716 5638

15 23 33 51 104 1"80 1523 4012 4007
3 15 21 39 77 11488 1114 2765 2740

7 12 30 60 9535 826 2068 2056
1 4 24 47 7701 585 1653 1644

19 36 6146 404 1282 1285
15 27 4688 276 966 977
12 18 4006 183 709 719
9 10 3263 1)0 527 543
6 4 2877 131 374 3923 2462 118 274 281
1 2117 108 223 218

1768 100 215 210
1490 90 195 192
1207 87 181 177
1021 72 169 165
839 62 159 156
691 10 144 142
539 142 136
454 126 130
375 106 109
349 98 95

345 5 47327
308
293
280
268
260
248
231
224
222
215
190
172
156
154
40

1213 3021 1736 1375 1829 1612 3i628 974 155524 31623 61951 60276

3SHEET 3 OF 3 TABLE 9
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UNIT HYDROG
DRAINAGE AREAS

SUBAREAS 15 20 201 25 30 35 u4o 42 44t 46 4

D.A. (Sq. Mi.) 4.6 1.0 7.5 8.4 17.8 15.6 2.9 8.0 6.6 1.8 It

L (Mi.) 4.8 2.7 5.5 6-3 6.4 8.4 2.6 5.8 4,.2 1.7 a

Lca (Mi.) 2.6 1.7 3-3 2.9 2.1 4.7 1.0 3-9 1-4 1.0 5
Slope (Ft./Mi.) 854.7 688.7 694.1 674.9 186.3 337.3 145.0 697.4 384.4 98.0 571
LLca/S" 5 0.43 0.18 0.68 0.71 0.99 2.13 0.23 0.85 0.29 0.18 1

F 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.075 0.07 0

Lag (Hours) 1.3 1.0 1.6 1.6 1.8 2.4 1.0 1.7* 1. 1 0.9 2

S-Cu rye 1/ 1 / 1 / 1/ 2/ 1/ 1/ 2/

TIME PERIOD
(114 Hours,)

1 348 lIW 393 425 652 424 147 340 657 131
2 885 370 1060 1154 1901 969 479 963 1676 472
3 13415 471 1635 1785 3024 1488 1134 1510 2449 1089 1S1519 420 2007 2203 3934. 1988 1673 1918 2460 990 1
5 1"109 341 2056 2272 4336 2572 1053 2052 2151 508 1
6 1219 264 1896 2106 4201 2761 629 1949 1768 323
7 1035 194 1678 1884 3845 2822 431 0766 1446 226
8 870 141 1459 1638 3466 2760 ý19 1576 1106 168
9 683 105 1255 l1109 3087 2533 241 1385 850 130 J
10 549 79 1060 1196 2706 2364 196 1201 654 106 J
11 437 60 878 994 234,9 2199 161 1022 511 89 1
12 346 43 723 821 1992 2033 13i6 856 412 74 j
13 286 30 594 678 1682 1784 117 715 322 62 1
14 235 19 487 564 1415 1629 100 597 246 52 1
15 191 10 413 476 1195 1473 86 503 191 46 1
16 151 1 349 3195 1018 1313 75 432 130 40
17 121 300 342 884 1115 66 365 89 " 35
18 90 259 289 753 996 59 316 43 30
19 66 202 23•6 663 888 52 271 6 25
20 42 171 198 574 788 46 227 21
21 22 133 162 4l84 675 41 186 is
22 1 too 122 398 615 35 161 14
23 76 92 352 556 31 128 10
24 52 65 285 497 26 98 7
25 27 38 220 439 22 76 5
26 2 It 175 400 18 53 2
27 130 361 14 31
to8 86 321 10 7
29 39 265 7
30 244 4
31 220 1
32 190
33 147
34 127
35 107
3 es
37 59

•9 18
40
41
42
43

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

TOTAL 11850 i6-85 1925-7 215-55 ,•4•6 "26-8 740-9 20704 17167 673 FS

I/ Truckee Meadows average mountain -CB.
2/ Truckee Headows average valley -GR/CB.



TABLE. II

UNIT HYDROGRAPH CHARACTERISTICS AND ORDINATES
DRAINAGE AREAS FOR STANDARD PROJECT CLOUDBURST FLOODS

30 35 40 42 '44 46 48 50 60 621 622 623 624 64 66

CHARACTER I STI CS

1 17.8 15.6 2.9 8.0 6.6 1.8 11.4 2.4 22.4 1.4 3.6 3.0 2.2 4.6 8.4

1 6,4 8.14 2.6 5.8 14.2 1.7 8.8 1.6 7.7 2.4 14.7 3. 4 3.0 12.5 6.8
1 2.1 4.7 1.0 3.9 1.4 1.0 5.1 1.0 2.7 1.1 2.4 1.7 1.3 1.2 3.9
0 186.3 337.3 145.0 697.4 384.4 98.8 571.1 171.8 2116.4 397.9 582.6 774.2 550.7 1k9.9 557.5 21

1 0.99 2.13 0.23 0.85 0.29 0.18 1.87 0.12 1.32 0.14 0.118 0.22 0.17 0.27 1.14
)75 0.075 0.075 0.075 0.075 0.075 0.07 0.075 0.07 0.07 0.075 0.075 0.075 0.075 10.07 0.075
i 1.8 2.4 1.0 1.7 1.1 0.9 2.3 0.8 1.9 0.85 1.37 1.01 0.92 i1.0 1.9

1/ 1/ 2/ 1/ 1/ 2/ 1/ 2/ 2/ 1/ 1/ 1/ 1/ !2/ 1/

1/4-HOUR UNIT HYDROGRAPH ORDINATES
(End of period flow in c.f.s.)

25 652 424 147 3410 657 131 325 225 4104 233 240 355 312 233 290
514 1901 969 479 963 1676 472 782 887 983 592 675 926 804 758 821
35 3024 1488 1134 1510 2449 1089 1210 1794 1780 698 979 1248 1016 1794 1303
D3 3934 1988 1673 1918 2460 990 1602 1049 3053 584 1152 1174 898 2659 1702
72 4336 2572 1053 2052 2151 508 1977 567 4786 452 1094 970 717 11693 1913
)6 4201 2761 629 1949 1768 323 2167 363 6574 329 959 780 550 11009 1907
94 3845 2822 431 1766 11446 226 2141 257 7359 227 826 596 394 691 1781
38 34166 2760 319 1576 1106 168 2050 193 5707 164 698 434 285 511 1623
D9 3087 2533 241 1385 850 130 1919 153 41015 119 574 327 212 385 13462
96 2706 2364 196 1201 654 106 1747 125 3041 87 454 251 159 315 1300
D4 2349 2199 161 1022 511 89 1589 100 2386 61 363 193 118 258 1144
21 1992 2033 136 856 412 74 1451 84 1950 110 295 1147 86 217 992
78 1682 1784 117 715 322 62 1315 71 1650 23 242 110 57 187 8118
64 1415 1629 100 597 246 52 1184 61 14104 5 198 78 34 160 722
76 1195 1473 86 503 191 46 1008 51 1166 165 49 1 138 613
95 1018 1313 75 432 130 40 891 143 1021 134 24 120 523
42 884 1115 66 365 89 35 788 35 935 107 5 105 450
89 753 996 59 316 43 30 695 29 808 87 94 N93
36 663 888 52 271 6 25 605 23 719 64 84 33
98 574 788 46 227 21 521 16 672 46 7 74 300
62 484 675 41 186 18 471 11 595 29 65 260
22 398 615 35 161 14 422 6 559 15 57 222
92 352 556 31 128 10 376 2 511 49 184
65 285 497 26 98 7 336 470 43 163
38 220 439 22 76 5 298 431 36 136
11 175 400 18 53 2 266 391 30 108

130 361 14 31 233 368 22 86
86 321 10 7 201 343 17 67
39 265 7 179 310 12 48

244 4 154 291 7 29
220 1 130 274 2 9
190 107 258
147 90 243
127 68 226
107 52 210
88 36 197
59 18 185
40 172
18 159

146
135
125
116
106

97
87
78
65
56
49
39
32
27
19
11

4

T55 i&646 40268 740-9 20-704 1771-67 467-3 294104 6U145 577-98 361-4 996- 76 67 56 1 1 1825 21737



3 AND ORDINATES
I* CLOUDBURST FLOODS

1 622 623 624 64 66 68 70 72 74 76 78 80 82 84

3-6 3.0 2.2 i4.-6 8.4 2.9 3.5 1.9 4.7 2.7 2.1 2.8 2.5 5.6

4.7 3.4 3.0 t2-5 6.8 3.0 3.7 2.5 #.-3 2.8 4.4 3.4 4.2 4.8
2.4 1.7 1-.3 1.2 3.9 1-4 1.9 1.2 1.7 1.6 2.5 1.7 1.2 3.-1

526 742 507 19.9 557.5 215.7 29.9 80.0 32. 41 25.0 123.9 4.8 8.

0 .48 0.22 0.17 0.27 1.14 0.28 1.28 0.34 0.41 1.18 2.17 0.54 2.21 1.61
'5 0.075 0.075 0.075 I0.07 0.075 0.075 0.07 0.04 0.04 0.04 0.04 0.07 0.07 0.07

i 1. 37 1.01 0.92 1.0 1.9 1.0 1.9 0.3 0.4 0.5 0.6 0.4 2.0 1.7
1/ 11 11 2/ 1/ '2/ 2/ 2/ 2/ 2/ 2/ 2/ 2/ 2/

I MATES

240 355 312 233 290 103 64 245 530 138 77 97 35 35
675 926 804 758 821 405 157 1109 2316 452 198 241 76 76
979 1248 1016 11794 1903 925 285 1475 3712 1072 460 ,563 128 128

1152 1174 898 2659 1702 15416 490 643 1766 1575 786 950 203 203
1094 970 717 1693 1913 1231 765 368 988 981 1007 1315 310 310

959 780 550 !1009 1907 715 1051 2.99 634. 587 669 951 438 4318
826 596 394 691 1781 4183 1139 172 457 403 427 588 567 567
698 434 285 r511 1623 359 866 133 3,50 297 304 428 720 720
574 327 212 385 1462 270 612 103 277 225 235 319 612 612
454 251 159 3915 1300 215 464 82 219 183 183 257 453 "53
363 199 lie 258 1144 176 364 67 177 151 1,t6 199 351 351
295 147 86 !217 992 149 299 56 149 127 125 171 281 281
242 110 57 [ 187 848 128 253 4l6 124 109 104 143 230 230
198 78 34 160 722 111 214 p 103 93 91 125 193 193
165 49 1 138 613 96 176 29 84 81 so 103 167 167
134 24 120 523 83 157 22 68 70 70 97 146 146
107 5 105 450 74 14.3 15 53 61 63 86 126 126
87 94 3.93 64 124 9 37 55 54 76 108 10864 84 338 58 ill 4 24 49 5D 67 97 97
46 74 300 52 102 13 4ý 44. 62 89 8
29 j 65 260 47 92 2 38 410 54 82 82
15 57 222 42 86 33 36 50 73 73

S49 184 37 78 28 3ý 4•6 66 66
43" 163 32 72 25 30 42 63 63
396 136 28 66 21 27 38 56 56
30 108 25 60 17 25 34 Aý 53
22 86 21 57 13 22 31 50 50

:17 67 Is 52 9 20 28 46 416
12 418 14 47 7 Is 25 43 431
7 29 11 45 4 16 22 41 U1
2 9 8 42 1 14 20 37 37S5 39 12 1B 35 35

2 37 10 15 33 )
34 8 11 3 1 91
32 6 10 29 29
90 5 a 27 27
28 3 6 26 26
26 2 4 25 25
24 3 24 24
22 1 22 22
21 21 21
19 20 20
17 19 19
16 is 18
14 17 17

113 16 16
11 15 15

9 14 14
a 13 13
7 12 12
6 12 12
5 11 ' 11
"4 10 10
2 -9 9

9 9
8 a
7 7
6 6
5 5
5 5
4 4

4 4

2 2
1 1S1 1

9•96 T6 7667 56 :-- • 1182-5 2i1737 75-63" ' 8957 41853 12 -081 69-47 55-00 7 -306 6 4,5 4 l14513

STABLE I I



T Al

UNIT HYDROGRAPH 'CHARA-
DRAINAGE AREAS FOR PROBABI

SUBAREAS 15 20 201 25 30 3

CHARA(
D.A. (Sq. Mi.) 4.6 1.0 7.5 8.4 17.8 15
L (Mi.) 4.8 2.7 5.5 6.3 6.4 8

Lea (Mi.) 2.6 1.7 3.3 2.9 2.1 4

SLOPE (Ft./Mi.) 854.7 688.7 694.1 674.9 186.3 337

LLca/S" 5  0.43 0.18 0.68 0.71 0.99 2

n 0.06 0.06 0.06 0.06 0.06 0

Lag (Hours) 1.1 0.8 1.3 1.3 1.4 1

S-CURVE 1/ 1/ 1/ 1/ 1/ 1

I/4 HOUR UNIT Hý
(End of periou

TIME PERIOD
(1/4 Hours)

1 515 213 620 676 1121
2 1350 527 1558 1703 2929 1
3 1852 559 2.384 2601 4459 2
4 1780 437 2579 2849 5322 3
5 1493 320 2328 2600 5164 3
6 1216 215 1994 2220 4616 3
7 950 145 1682 1893 4049 3
8 700 103 1346 1520 3474 2
9 528 72 1082 1220 2849 2
10 408 48 825 954 2339 2
11 315 29 662 748 1906 2
12 246 14 529 613 1545 1
13 184 1 430 485 1242 1
14 140 352 408 1041 1
15 91 273 318 876 1
16 58 221 252 738
17 24 161 196 585
18 117 136 476
19 74 98 392
20 38 51 289
21 2 11 209
22 142
23 75
24 6
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

TOTAL 11850 2683 19257 21552 45844 4

1/ Truckee Meadows average mountain - C8.

2/ Truckee Meadows average valley - GR/CB.



TABLE 12

UNIT HYDROGRAPH CHARACTERISTICS AND ORDINATES
DRAINAGE AREAS FOR PROBABLE MAXIMUM CLOUDBURST FLOODS

201 25 30 35 40 42 44 46 48

CHARACTERISTICS

7.5 8.4 17.8 15.6 2.9 8.0 6.6 1.8 11.4
5.5 6.3 6.4 8.4 2.6 5.8 4.2 1.7 8.8
3.3 2.9 2.1 4.7 1.0 3.9 1.4 1.0 5.1

,94.1 674.9 186.3 337.3 145.0 697.4 384.4 98.8 571.1
0.68 0.71 0.99 2.13 0.23 0.85 0.29 0.18 1.87
0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.056 0.06
1.3 1.3 1.4 1.9 0.8 1.4 0.9 0.7 1.8
I/1 / 1/ 2/ 1/ 1/ 2/ 1/

1/4 HOUR UNIT HYDROGRAPH ORDINATES
(End of period flow in c.f.s.)

620 676 1121 530 234 565 937 199 406
1558 1703 2929 1483 866 1452 2554 858 1176
2384 2601 4459 2348 1910 2195 3162 1429 1867
2579 2849 5322 3072 1442 2561 2726 701 2439
2328 2600 5164 3470 756 2407 2172 389 2710
1994 2220 4616 3489 478 2134 1639 249 2651
1682 1893 4049 3278 332 1810 1177 179 2444
1346 1520 3474 2996 252 1524 843 137 2212
1082 1220 2849 2707 197 1261 624 109 1978

825 954 2339 2417 162 995 472 86 1745
662 748 1906 2134 132 794 341 70 1523
529 613 154 5 1862 110 646 247 58 1303
4ý 0 485 1242 1596 92 527 157 49 1105

352 408 1041 1362 79 430 90 41 934
273 318 876 1160 69 364 24 34 790
221 252 738 986 58 292 27 673
161 196 585 843 50 229 22 584
117 136 476 740 42 188 16 501
74 98 392 638 35 136 10 438
38 51 289 564 29 97 6 383

2 11 209 496 22 64 2 328
142 428 16 28 273

75 359 10 235
6 310 6 199

268 1 158
217 124
172 97
137 69
103 42

70 13
33

9257 21552 45844 40268 7410 20699 17165 4671 29400

C8.

',Ca. 0



ORDINATES

JDBURST FLOODS

42 44 46 48 50 60

8.0 6.6 1.8 11.4 2.4 22.4
5.8 4.2 1.7 8.8 1.6 7.7
3.9 1.4 1.0 5.1 1.0 2.7

697.4 384.4 98.8 571.1 171.8 246.4
0.85 0.29 0.18 1.87 0.12 1.32
0.06 0.06' 0.056 0.06 0.056 0.056

1.4 0.9 0.7 1.8 0.6 1.5
1/ 1/ 2/ 1/ 2/ 2/

565 937 199 406 354 631
1452 2554 858 1176 1617 1552
2195 3162 1429 1867 1781 2987
2561 2726 701 2439 764 5814
2407 2172 389 2710 435 8518
2134 1639 249 2651 288 8713
1810 1177 179 2444 209 5557
1524 843 137 2212 161 3910
1261 624 109 1978 124 2933

995 472 86 1745 98 2268
794 341 70 1523 81 1856
646 247 58 1303 66 1506
527 157 49 1105 53 1260
430 90 41 934 41 1106
364 24 34 790 32 944
292 27 673 22 849
229 22 584 13 738
188 16 501 6 680
136 10 438 605

97 6 383 544
64 2 328 486
28 273 451

235 401
199 366
158 340
124 314

97 291
69 267
42 244
13 225

206
185
167
153
137
123
108

91
74
63
48
38
29
15
4

20699 17165 4671 29400 6145 57797

3
TABLE 12
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NUMBER C

2 iarrav

) 
3

- Truckee
I 5 Sajehen

0z -~I 6 Donner16 
7 Squaw V

I I 8 Tahoe C
9 Boca1,2 1.10 Verdi
11 Mt. Ros

0 ,..12 Renlo Ný
13, Carlson

j p0 
-Y DA 

,14 Fernley
RBY DM15 

Virgini

R =REC

0e -ERNLEY/4 8

J9 0LEGEND:

"g 0 Non-Recorder

- 30 - .A.P. Isohyet amount In in,/.

SCALE
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PRECIPITATION STATIONS

N.A.P. YEARS OF
NUMBER STATION (IN.) RECORD

,1 Blue Canyon AP R 65.0 39

, 1> 2 Sirraville R.S. R 27.8 96
3' 3 So a Springs I.E. R 61.4 19
-4 Truckee R.S. R 32.8 96
5 Sajehen N 32.1E 25
6 Donner Memorial St. Park N 39.2 25

7 Squaw Valley Lodge N 59.OE 19

8 Tahoe City N 34.1 69

09 Boca N 20.4 89
10 Verdi N 11.5E 5
11 Mt.! Rose Highway Station N 37.OE 4

12 Ren'io NWS AP R 7.2 109

13 CarIson City N 11.5 82
P

14 Fernley N 8.7E 20

15 Virginia City N 12.OE 38

R RECORDER; N NON-RECORDER

LEGEND:

Recorder

o Non-Recorder

-30-L .A.P. Isohyet amount in inches

TRUCKEE RIVER, CALIFORNIA; NEVADA

NORMAL ANNUAL PRECIPITATION RAP

CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA

Prepared- P.W. D

Drown: C.A.P. Date NOVEMBER 1979
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PYRAMID LAKE j /

0•O. TrceSGSrNAME OF STATION

3375 Truckee River at Tahoe City
S3380 Truckee River near Truckee

7 3385 Donner Creek at Donner Lake n,
33938 Martis Creek Lake near Trucke
3394 Martis Creek near Truckee
3397 Prosser Creek near Hobart Nil

.. '3399 Alder Creek near TruckeeI4 3403 Prosser Creek Reservoir near'•/ .- '•- j••.• 3405 Prosser Creek near Truckee3420 Little Truckee River near Hobe

, / 3430 Independence Creek near Truckq
3435 Sagehen Creek near Truckee

SII .. ." '3443 Stampede Reservoir near!'oca
"3444 Little Truckee River above BocReservoir near Boca
3449 Boca Reservoir near Truckee
3445 Little Truckee River below Boc

516 near Truckee
6.5 3473 Dog Creek near Verdi

1Y DAM Z- 3476 Hunter Creek near Reno
-3 3478 Peavine Creek near RenoC 53480 Truckee River at Reno

8•0 B34846 Franktown Creek near Carson Ci
SFE L . 3487 Washoe Lake near Carson City

"95 3488 Little Washoe Lake near Steamb•'"• 3489 Galena Creek near Steamboat

3493 Steamboat Creek at SteamboatS3497 Whites Creek near Steamboat

3500 Truckee River near Vista
-1%3504 Truckee River below Tracy

03 3516 Truckee River below Derby Dam4 235M§ 
Truckee River at Wadsworth

River near Nixon
30, 3513 Truckee Canal near Wadsworth

*Broken Record

LEGEND:

• Drainage Boundary.

A Stream Gaging Station-
Refer to Table 5. for
Li~st of Stations.

SCALE
5 0 5

(Mi l es)

S



STREAM GAGING STATIONS

DRAINAGE ELEVATION PERIOD OF RECORD

NAME OF STATION AREA GAGE (Water Years)

(Sq. Mi.) (Ft.) FROM TO YEARS

•uckee River at Tahoe City 506 6,216.75 1896, 1901 Present 79

•uckee River near Truckee 552 5,860 1945 1961 17

inner Creek at Donner Lake near Truckee 14.6 5.930 1910 Present 43"

trtis Creek Lake near Truckee 10.0 5,780.88 1972 Present 6

.rtis Creek near Truckee 40.0 5,730 1959 Present 19

•osser Creek near Hobart Mills 27.4 5,840 1959 1963 5

der Creek near Truckee 7.36 5,800 1959 1973 13

'osser Creek Reservoir near Truckee 50.5 -- 1963 Present 16

-osser Creek near Truckee 53.2 5,602.31 1943 Present 35*

ttle Truckee River near Hobart Mills 36.5 6,290 1947 1972 26

dependence Creek near Truckee 7.63 6,940 1969 Present 10

gehen Creek near Truckee 10.8 6,320 1951 Present 25

ampede Reservoir near:Boca 136 -- 1970 Present 9

ttle Truckee River above Boca 116 5,618.67 1940 Present 39
Reservoir near Boca

ca Reservoir near Truckee 172 -- 1939 Present 10

ttle Truckee River below Boca Dam 172 5,500 1940 Present 39
near Truckee

uckee River at Farad 932 5,153.21 1900 Present 79

g Creek near Verdi 16.2 5,660 1957 1961 5

nter Creek near Reno 11.5 5.070 1962 1974 122

avine Creek near Reno 2.34 4,990 1963 1974 12

uckee River at Reno 1,067 4,431.97 1907 Present 52*

anktown Creek near Carson City 3.24 7,380 1975 Present 4

shoe Lake near Carson City 83.8 -- 1963 Present 16

ttle Washoe Lake near Steamboat 83.8 -- 1963 Present 16

lena Creek near Steamboat 8.5 5,592 1962 Present 17

eamboat Creek at Steamboat 123 4,600 1962 Present 17

ites Creek near Steamboat 8.02 5,955 1962 1966 5

uckee River near Vista 1.129 4,368.59 1900 Present 50"

uckee River below Tracy 1,5q0 4,238.15 1973 Present 6

uckee River below Derby Dam 1,670 4,200 1909 Present 600

uckee River at Wadsworth 1,719 1,037.90 1966 Present 13

uckee River near Nixon 1,815 3,940 1958 Present 21

uckee Canal near Wadsworth -- 1,200 1967 Present 12

:ord

TRUCKEE RIVER, CALIFORNIA; NEVADA

STREAM GAGE
LOCATION MAP

CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA

Prepared: PDate: NOVEMBER 1979
Drown: C.A.P.

CHART 6
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z=
I.-oes: 5.00 in.
ness:6.65 in.
i Total Pr cip 11.16 in,

•.5

Pea 7,760 C. s.

Pea 17,16 .Computed

-- 6 " __3
Observed Observed

SCo m/ p u t e d / V J . - T o t a lI 5 -D a y Vo l u m e :l 1

24 540 Ar.-ft. 9.85 in, 2 -___________

2I

easr .ou Ac3.59 eft. 5. 8 in.
e, 50 ec.-? 3. 10 in.

21 22 23 24 25 21 22 23 24 25
Time in days Time in days

TRUCKEE RIVER NEAR TRUCKEE, CALIFORNIA PROSSER CREEK NEAR BOCA, CALIFORNIA
U.S.G.S. 3380 U.S.G.S. - 3405

Contributing drainage area: 39.1 sq. mi. Contributing drainage area: 50.2 sq. mi.

= • K [ Losses: 5l.55 in.
Ex e s 2.2 in. -

.5Peak 495 c.f.s25

. .4 ' 20

SI•t 
served

o 3 15

-- II

:7Computed 2 : Comput

.21
TotalI 5-Day Voa me

Tie3.9i in.

-. 20 ýS . - ft. 1.71 n
0 0

21 22 23 24 25 2 42r

Ti'me in days

SAGEHEN CREEK NEAR TRUCKEE, CALIFORNIA TRUCK
U.S.G.S. - 3435

Contributing drainage area:" 5.7 sq. mi. Contribut



255

Sq. Sri. ~~~~~~~Comtriuten riaeae:3. q l

3L

iis, Obedve

S I •

-~~ Total 5-Day Velsee
nl.5n003 Ac.Ii 3.7

Ti ne inaday

TIF R UCKE RIVERE ATUKE RIVER NEREVARDALSCAIO

sq i Contributing drainage area 455.0 sq. mi.

Peak 20,800k 5,60 :s.s

PrTEpae: P.WC..gre Date: NOVEMBER is

Computed

9 ti 2.33 ft. 3. 7 r

Tiime in days

___ __ __ __ __ __ __ __ __ ___ __ __ __ __ __ __ __ __ __ Drown: C.A.R.ae O EM3R17

CHART 8.



aLosses: ..529 i.
s-ess: I..74 in.

-. o-t Total P ecip. .6.43 in..

.5

2.0" 1 A .IO0

1PPeake 1:880 73+ c

1.6 . .8

Computed ObOeberv

C 1ed I I+o.o _ .+- I, ,
cTta Ta Volume: olme

4,54c-f. 22 in. Ant i. 5 4.52 vo n.e

.4 1.2 Ac-ft 3.05 t 591 n

,,1',790 As. +ft. 0.94 in,

31 32 3 2 3

Time in days Time in days

MARTIS CREEK AT TRUCKEE, CALIFORNIA ALDER CREEK NEAR TRUCKEE, CALIFORNIA
U.S.G.S. - 3394 U.S.G.S. - 3399

Drainage area -40.0 sq.mi. Drainage area: 7.4 sq.mi.

14 14

Peak: 13,300 c.f s.. J P

10 10

Computed6 Observed

"\K Computed Total ST ay Volume:
41.330 BA -It. 0.84 in.

Total 5-Day Volume: "
35,100 Ac. 6t. 4.51 in.

0 0
30 31 9 2 3 30 31 I 2 3

Time In days Time in days

LITTLE TRUCKEE RIVER ABOVE BOCA RESERVOIR TRUCKEE RIVER AT FARAD, CALIFORNIA
NEAR BOCA, CALIFORNIA U.S.G.S. - 3460

U.S.G.S. - 3444 Drainage area 923.0 sq.mi.
Drainage area 146.0 sq.mn .



i ca 7 _ _ _ _i n . _

Ti i precip. d35y in.

Driag re.5. qii

10

8Peak: 

7,960 

c.f.s

Compute 
d

16

T o tal 5-D ay V oluce: o -

54.030 Ac .-ft. .08 nin.

Time in days

LITE TRUCKEE RIVER NAT HBREN MLL, CEAD L_______FORN__________________A___

Cotiuigdrainage area : 1304. 3 sq.m i.

24

dPrepared:kP.W400C.A.a

______ TRUCKEE RIVER Date: HNOVEMBER M97

PeakAR18,40UARY.1s.

TRUCKEE RIVERR AT RENO, NEVADAD

Totaloed 5-0a).,C.me:P.

I JAoN:UCA.P. -FEBUAR NOVMBR693

TRCE RIVE SAEE REO NEVADART
Indx oit 00COPS F NGNERSSARAMNT, ALFONI



" .5 Excess: 2 5 n

T t arI p recip 19.54 in.

____________________12

I computed

00 Peak: 1 000 c. .s.

I I I.5 1

S .3 -- 6
Observed

5 ITota, 9 o lo -
.2 24

262,200 Ac- . I. 2 in.

30 31 I 2 3
Time in days Time in days

GALENA CREEK NEAR STEAMBOAT, NEVADA STEAMBOAT CREEK AT STEAMBOAT, NEVADA
Index point 20 Index puint 30

Contributing drainage area: 3.1 sq.mi. Contribsting drainage area:' 32.4 sqeli.

20 1 1 20

24 { 1 ____ _____ _____ 24

iA

20 220

Pea:11,44 c16s

C I

"- I2 1

Obserserve

o C

Basa 5-Da TVaolamIe: /
0 ~ ~ ~ ~ ~ ~ 6,7 206 ft.fl 0.5in ,0079- ., n

0 28

C I _ I 2 __3020 20

Ti/ Cinpsdys

TRUCKEE~ ~ ~ ~~Pl RIVE BELO DERB cM NEHWDST, NEAD.RUK

Tntal p -oin ' 72l0 e

0 - ere I 2 3 3

30 31 1233
Tine in days

TRUCKEE RIVER BELOW DERBY DAM, NEAR WADSWORTH, NEVADA TRUCKE
Index paint' 720

Contributing drainage area: 1,532.2 sq.mi. Contribu'



28

24

20

P( ak: 18,900 c.1f~s.

1I6

12

_ _ _ , 09_c._ _ . a9 n

II

8309 A -ftP. 0. : 190 0 cn. if

2 2 31 2 3

s Time in days

UBOAT, NEVADA TRUCKEE RIVER AT VISTA, NEVADA
10 Index point 700
32.4 sqotni. Contributing drainage area: 1,291.2 sq. Iii.

28

24

20

"12

12 
CoComputed

Obse rved

8

4 BATTRUCKEE RIVER, CALIFORNIATNEVADA
T Ilx -Day Volume:
60.. Ac. ito . 0 .82 in.

0 1 JANUARY -FEBRUARY 1963
30 31 1 2 3 FLOOD HYDROGRAPHS

Time i0 days

TRUCKEE RIVER NEAR NIXON, NEVADA

Index point 740
Contributing draimage area: 1,677.2 sq.mi. CORPS OF ENGINEERS SACRAMENTO, CALIFORNIA

Pr.Ar UA. RDate: NOVEMBER 1979
_ _ _ _ _ _ _ _P__ Drawn: .C.A.P.
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PYRAMIID LAKE

. 2

DEFWr' DAM1,\ \

7,/
/ - p..--

8., > PRECIPITATION STATIONS

OoFERN 1+1 ( ~RAINFALL YEARS OF
NUMBER STATION AMOUNT RECORD

(Inches)

I Blue Canyon AP R 19.20 39S2 Sierraville RoS. R 10.06 96< Truckee R.S. R 11.76 96

4 Sagehen N 12.70 25

/00'5 Donner Memorial St. Park N 15.50 25
6 Soda Springs N 18.50 19

7 Tahoe City N 12.08 69

r-3 8 Squaw Valley Lodge N 14.30 i9

9 Boca N 6.80 89
10 Verdi N 4.25 5

11 Reno NWS-AP R 3.77 o09

12 Carson City N 7.80 82

LEGEND: 13 Fernley R 1.79 20

S Recorder R = RECORDER; N = NON-RECORDER.
-Recorder 

TRUCKEE RIVER, CALIFORNIA; NEVADA/ a Non-Recorder
"-'4 Storm Isohyet Amount in Inches

ISOHYETAL MAP
21-25 DECEMBER 1955

SCALE CORPS OF ENGINEERS,.SACRAMENTO,CALIFORNIA0 5
---- --A -' IPrepored: P.W.

(Miles) Drown: C.A.P. Dote NOVEMBER 19793CHART 10
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PYRAM1) LAKE

Vq1

17 
4,

DERI DAM

Q' RANFL YARI
/7

DtERBY DAM -

RIILE/• • •PRECIPITATION STATIONS

NUMBER STATION AMOUNT RECORD
(Inches)

I Blue Canyon A.P. R 16.01 39
2 Truckee R.S. R 8.84 96

3 Sierraville R.S. R 8.73 96
4 Soda Springs 1E R 14.80 19

5 Boca N 6.22 89
39 6 Sagehen N 9.25 25

7 Donner Memorial St. Park N 12.05 25

8 Mt. Rose Highway Station N 13.58 4

9 Reno NWS-AP R 2.59 109

10 Fernley N 1.81 20

LEGEND: 11 Carson City N 7.14 82

R RECORDER; N = NON-RECORDER
Recorder TRUCKEE RIVER, CALIFORNIA; NEVADA

0~ Non-Recorder

"- 2 Storm Isohyet Amount in Inches ISOHYETAL MAP

30 JAN - I FEB 1963

SCALE CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA
0 0

-- F--- Prepared: P.W.
(Drwn: C.A.P. Date NOVEMBER 1979

_CHART II



M04

o o

Io L

I-.

0 c

M~jJ B1W6Lf 390%U eJ3!

CHART 12



* 10.. . .

+4 ---

0 "'4- -

. 2.0••t
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aLLc
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------------ ... ....

.6 vralsop flogs-wtr

.2

.01 .02 .03 .04 .05 .1 .2 .3 .4 .5 1 2

LLca

so. 5

TERM INOLI

L - Length of longest watercourse.

Lca - Length along longest watercourse,

measured upstream to point
opposite center of area.

S - Overall slope of longest water-
course between headwater and
collection point.
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fU

SUBAREAS
20 + + Galena

Whites
505 Hunter

II .13380 Truckee

I 14I ~i I I I339L1. Marris
9 1 3397 Prosser

3399 Alder C
I I 3420 Little

3430 Indepen
3't35 Sagehen

3•73 Dog Cre

1 3 5 10 20 30 •o 50 - 10

Lica

so,5

TERM I NO LOGY

i+H

tercourse. Lag - Elapsed time from beginning of

wate cou seunit precipitation to instantithat summation hydrograph

point reaches 50% of ultimate
rea5 discharge.

lest water- - Basin factor representing basin

iterandshape, .drainage pattern, and
roughness of the stream beds.



USGS GAGING STATIONS

SUBAREAS LOCATION
20 Galena Creek near Steamboat, Hey. - USGS-3489

- 42 Whites Creek 'ear Steamboat, Nev. - USGS-34,97
505 Hunter Creek near Reno, Nev. - LVSGS-1476

3380 Truckee River near Truckee, Cal.
3394 Martis Creek near Truckee, Cal.
3397 Prosser Creek near Hobart Mills, Cal.

3399 Alder Creek near Truckee, Cal.
-- 3420 Little Truckee River ne'ar Hobart Mills, Cal.

3430 Independence Creek near Truckee, Cal.

3435 Sagehen Creek near Truckee, Cal.
3473 Dog Creek near Verdi, Hev.

30 40 50 100

TRUCKEE RIVER, CALIFORNIA; NEVADA
f

LAG RELATIONSHIPS

in

CORPS OF ENGINEERS, SMCRAOENTO, CAIJFOAII

Prepared: P.W.
Drawn: C.A.P. Date: NOVEMBER 1979

3 CHART 13



Little Truckee R. nr.
,,•Hobart MillsUSG.

Little Truckee River 3420

Stampede Res.
Independence Cr. nr. nr. Boca
Truckee U.S- .S e U.S.G.S. ,3Little Truckee R.

3,430 344 -&by. Boca Res. Ea•nr. Boca
den e CU.S.G.S 

3444

Sagehen Cr. nr.
Truckee G Sa ehen Creeku ;. -aS.Gs .• ' re Upper

31435Q
.:>Dog Cr.

nr. Verdi
Q.S.G.S. 3473

U

Little Truckee R.
Below Boca Dam

* Truckee R.

TRUCKEE at Lawton

300 400, 500
Truckee River Truckee R.

Iat Farad at Verdi.

U.S.G.S. 3460 South
200 Localwo

Prosser Cr.
nr. Truckee

U.S.G.S. 305 Martis Creek
nr. Truckee Hunter Cr.

-x U.S.G. 3394 Reno U.S.G.

4) Martis
0) 100Cree

Pro sser Cr. Res.
nr. Truckee

U.S 30Truckee River

TRUCKE nr. Truck..
50RVER U.S.G.S. 3380

Ri OU TI NH
(UHREGULi

LAKE TAHOE TO LAWTON LAWTON TO

0
Q n CINDEX POINT MUSKING001 COEFFICIENTS INDEX POINT I4USKICNGO

Prosser Cr. nr. Alder Cr. at Donner Lake NUMBER SUR"RA.. M0 NUBER

Hoba-rt 14.01s.- nr. U.S.G.S. 3385 REACHES (Hours) REACHES
U.S. .S. 397 Truckee

U.S.G.S. 397 U.STG.S. 9930 50 2 1 .30 O 600 Mo1
"S 9OIFIED PULS ROUTING 530 -- Dl FIE[

385 2 1 .20 500 MODIFIEE
50 100 2 1 .30 550 - ODI F1 Et

339i 100 3 1 .20 560 -- NODI FI E
100 200 2 1 5 070 600 13397 3403 2 1 600 650 13399 3403 4 1 .20 602 604 1
3403 3005 1 1 .40 604 64D0 1
3005 200 2 1 .30 610 606 2

200 300 1 1 .30 620 625 1
3430 - MODIFIED PUL3 ROUTING 625 610 2
3030 3420 2 1 .30 1 2 1
3420 3443 3 1 .3D 2 5 13435 3443 3 1 .20

3043 34114 1 1 .00
3440 ý005 1 1 .30
3050 360 1 1 . 0
3460 400 1 1 .40
3073 400 1 1 .30
400 500 0 1 .N0



West Wash Res. Local
50 [ 5- ParkadiseEast Wash, Res. j%---------- --- "- Poa oark

-- >560 ~ Local Local

602
\11, Panthe'r Valley

Upper Peavine Res.

Lower Peavine Res. Local I\0

31473
SSouth

Sparks
Peavine Cr. 6 5 Local

Local (5 5arground

ILoca
i R. Glendale

at R. LocalaTruee Lawt / b ITruckee Riverrt / Subareat Reno ..ca

North Chalk I R

e R. Lawton Bluff Idlewild

Lawton .Creek Lo Center Ot.

502a 51 Lo2al 528 570 Reno Cne t54al Local OverflowLocl 50 LcalSt.2Alum Cr.

Local 526 Ai rport

Hunter Cr. nr. I City of Reno Local
Reno U.S.G. S. 3476 ;)I Mayberry Ave. Local(•Local 72 Boynton Sloug,j 7

Local~at

Virginia Lake 7 Mouth Dr Cr.
Alum Cr. at Local
Steamboat Ditch Wheeler

Local at U.S.-395\
Evans Cr. at Evans

Steamboat Ditch 66 68

R O U T I N G P A R A M E T E R S CD
(UNREGULATED CONDITIONS)

.AIITOI LAWTON TO VISTA STEAMBOAT CREEK AND VISTA TO NIXON 62 61 DryDry Cr. 

at
""'----- CWSKINGUM COEFFICIENTS Steamboat Ditch 622 -
OEFFICIENTS INDEX POINT MUSKINGUM COEFFICIENTS INDEX POINT -HR. TIHE INT. 15-MIN. TIME INT. " - " Thoma

IBRENOINUMBER aI BREACH NUM148BE I SIJOREACII NUMBER ISUBREAC1I I ~ Thom&O 0 FRU4 TO OF K 0 FROM TO I OF I K I OF K ~ X161
SREACHES (Hour•) REACHES ( -Io.r) REACHES (15-U Man .

1 .010 15 30 1 1 3 .25 .20 Creea

U3 ROUTING 530 -- MODI FI ED FOLI ROUTI'NG 20 25 NO ROOTING 1 .25 .R0Cr e
-2 510 -- MODIFIED PULS ROUTING 25 30 U 1 2 .25 .20

1 0 550 - MODIFIE ULS ROUTING 0 1O 1 1 2 .25 .20 Whites Cr. nr. Steamboat
560 - MODIFIED PULS ROUTING NO 601 MODIFIED PULS ROUTINGU St ea -b 2

1 570 600 1 .30 N2 RN NO UTING 2 .25 U.S.G.S. 3497 Subarea-421 30 600 650 1 1 .30 N11 6 RO ROUTING 1 .25 .25
U .20 602 601 1 1 .30 601 602 MODIFIED PUL3 ROUTING F s

.601 60 1 1 .30 8 50 NO ROUTING 1 .25 .25
.30 610 606 2 1 .:30 602 603 MODIFIED PULO ROUTING 44

TI.30 620 625 1 1 .25 603 60 MODIFIED PUL3 ROUTING Whites Cr.
UL.ROUTING 625 630 2 1 .20 60 NO 2 1 7 .25 .20

1 .0 1 2 1 1 0 62 64 11 0 NOROTING 2 .25 .20 W ie r1 30 2 t 6. . o rO ~ N - z . s . a t S t e a m b o a t D
1 .30 2 0 1 O 66 66 ROROUTING 2 .25 .20
1 .40 68 611 NO ROUTING 1 .2S .20 Gal ena Cr. nr.
1 0 611 70 MODIFIED PULS ROUTING

S7.11 76 1 1 .25 ,20 Steamboat U.S.G.S.
70 10 NO 1 1 N4 .2 .20 3 89 Subarea-20: Galena

.40 82 R N ROUTI N G 1 .25 .20 -- Steamboat Cr.
%.110 6 700 NO ROUTING -- at -- oL Zl l

7000 -- M5 DI FIED PULL ROUTING at oothilI

73 - MODIFIED PUL3 ROUTING 20 LoS
7j00 720 5 1 Galena.30

760 . 2O Galena Cr. at
7--0160 - . . .20 State Highway 27

___ _ _



Sun Valley Spanish Springs Valley
Park ~ io at 620 SrnsVle

Paradise 8 Orr Ditch
Park
Local

602

City of
)06 625 Iorth Sparks Local

South 0
0Sparks •Loca~ _ ~nn~el

S Loca North Truckee Losses
I 3 Drain Local/

und Truckee R. Below
SDerby Dam nr. Truckee R.

Glendale 6i 0 'Truckee R. Local Wadsworth Subarea 720 U nr. NixonLocal I• "
cRiver abv. U.S.G.S. 3516 S.G.S. 3517 To Pyramid

10 •:,,4l Steamboat Cr. Lske
.s.380o TRM KEE outh RIVE

-So th Rock /,,-'fru~c ee River Truckee R. Truckee R.
.rM v r.. Vistavd0 at Wadsworth at Nixon

Overflow 8ver j,$- U.nS.G.S. 3500 U.S.G.S. 3516.5

2 3 84 Steamboat Cr. Subarea 730
at Mouth

Airport
Local 82 Steamboat - Truckee

Meadow Local
blug., 7

.at
Cr..
76 LEGEND:

Wheeler Reso.< Existing Reservoir and Subarea
il at- U. S.-3ý95j

vans 68 70Slouj 8 Boynton Q Subarea

Local Routing Point
a• •Proposed Huffaker

60 Hill's Res; Stream Gage and Subarea

Dry IaDt U. S-395,/' Routing Reach

Thomas!Cr. / "02 Indicates No Routing
at U.S.I-95/ / I.ndicates Overbank Flow

Creek60

,at 46 Bailey Canyon
.4 4 --- 35j at Mouth

.2ee;Whites Cr
tes 44 at U.S. 395 Steamboat

eCr. Local
Whites Cr. Steamboat Cr. at Steamboat

it Steamboat Ditch 0 U.S.G.S. 193 TRUCKEE RIVER, CALIFORNIA; NEVADA

'ena Creek

eamboat Cr. o TRUCKEE RIVER SYSTEM
cpI

oth ROUTING DIAGRAMne

• Browns Cr. nr.
Washoe Hill CORPS OF ENGINEERS SACRAMENTO, CALIFORNIA

Prepared:P.W. Date: NOVEMBER 1979
____Drawn: C,A.P

.5 CHART I4



14 ~22-

12 20B-

SSpillway Crest-- 

/

Bottom of Fishladder -

- Spillway Crest

/e -

_ B_ _14

SNOTE: 
Discharges fo 'r thi s curve inc Vu de

Ssp 
ills over thea fish I.adde r' and

spillIwy and flows through the

outlet works (gates 2 and 3 open).

.2 .4 .6 .8 1.0 1.2 1.4 0 .2 .4 .6 .8 1.0 1.2

Diocharge in 1,000 c.f.s. Discha

DONNER LAKE IN
Index Point-3385

Donner Creek I

2

3 120 3

4
5

6

r 
Ica --

2 00

S C 1 "0BO-

_________ __________40

_______20

O 2 4 6 8 10 12 14 16 0

Flow in 1,000 c.f.s.

INDEX POINT 40 TO 60
Stea.boat Creek - Huffacker Hills Area

and Dry Creek above Boynton Slough



20 i
1� -�p ,sae Croit 30

plla t--S-iiay Crest

10 _- ____lwa Crest .3_ _

2a -. 2 _ _ _ __index point -5414 i 'n. e e- e

12 .1 - Spillway Crest ___

10 C _0

.4 .6 .8 1.0 1.2 1.4 1.6 1.0 2.0 2.2 2. 2.6 2.0 3.0 2 4 6 8 10

;Discharge in 1,000 c.f.s. Discharge in 1,000 c.f~s.

INDEPENDENCE LAKE UPPER & LOWER PEAVINE RESERVOIRS

Index Point-3430 Peavine Creek

Independence Creek

I DEC 1955 FLOOD.

2 JAN-FEB 1963 FLOOD.

120 3 YEAR 1980 CONDITION W/AREA NORTH OF I-8o.

4 YEAR 1990 CONDITION W/AREA NORTH OF 1-D0.

5 YEAR 1900 CONDITION W/O AREA NORTH OF 1-80.

6 YEAR 1990 C NOITION W/O AREA NORTH OF 1-0o0
lOO IC

- ~3

404

- 60 2-

CI -

20__

0 00 20 30 40 50 60 20 30 40

Discharge in 1,000 c.f.s. Dischargý in 1,000 c.f.

TRUCKEE RIVER AT VISTA, NEVADA TRUCKEE R IVER AT WADSWOF

lndex Point-700 Index Point-730
(Truckee Meadows Area) (Old Highway 40 Bridge)



P•tolnde Point-5
30

-- -Spi twa .res t

Peavine Creek

J0

TRUCKEE RIVER, CALIFORNIA;NEVADA

10 20 3I 40 50 60 70 STORAGE -OUTFLOW
Discharg in 1,000 c.f.s, RELATIONSHIPS

TRUCKEE RIVER AT WADSWORTH
Ind'ex Point-730

(Old HIIIhway 40 Bridge)

CORPS OF ENGINEERS SACRAMENTO, CALIFORNIA

Prepared: P.W. Date: NOVEMBER 1979
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Drawn: C.A.RD
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30

LEGEND

S- _ (K m Forrest and Grazing Areas

___- __ ~- 7 Agricultural

623 622 L iResidential
"I 1~20) __

,_) 2 I , QJ i.. __-Industrial

42O

Commercial

Drainage Boundary

528 Subarea Number

- zSCALE
I 0 I

(Miles)

TRUCKEE RIVER, CALIFORNIA;NEVADA

LAND USE MAP

YEAR 1980 CONDITIONS

RENO AREA

CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA
Prepared: P.W.
Drawn: C.A.P. Date: NOVEMBER 1979
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25-- Agricultural
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Commercial

Drainage Boundary

528 Subarea Number
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SCALE
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TRUCKEE RIVER, CALIFORNIA;NEVADA

LAND USE MAP

YEAR 1990 CONDITIONS

RENO AREA
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Prepared: P.W. Date: NOVEMBER 1979
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Exceedence frequency per hundred years
99 98 95 90 80 70 60 50 40 N0 20 10 5 2 1 .5 .2 .1

ADOPTED STFAT ISTICS

MEANI STD. DEV. SKEW EQUIV. YRS.

Peak Graphical Curve
I-Day ;3.266 .:38 .6 77
3-Day 3q.189 .36 .5 77

7-Day 3.100 .3- .a 77

15-Day .. Orri .b2 .2 779

pO-Day 2.910 .29 .1 77

iLog Units.

LEGEND I

* 1-Day

* 3-Day++

10000 UG 7-DaS
0 15-Day 41M U

V 30-Day

NOTES:
S1. For clarit between 12 and 99

times per hundred every thirdpoint was plotted.
2. Solid points indicate values

C- estimated through multiple
• -- correlation.

39 3. Curves include expected
Tprobability adOustmF nt foU•. indicated equivalent years.

"-• ~Total Drainage Area: 932 sq. mi. .

"• Contributing Drainage Ae: 46s. m.

Sibumemodme laterval iLn ymrs

44 TRUCKEE RIVER, CALIFORNIA; NEVADA

:: IJNL1OULATED PEAK AND
""-t VOLUME FRE91UENC IES

IL 1 TRUCKEE RIVER AT FARAD
-- (October - March)

1# 11!L USGS #34t60

Period of record soe" In Corp at 20Lne IIK]ll4) @"TMN u ,

a nalysis: 19102-191T7 ft 9 We d: j. II. f~t te: NOVEMBER 1t179
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b@..em.. fl que17 per humdred yea
p9oo 95 90 80 70 6050 40 30 20 10 5 2 1 .5 .2.1

ADOPTED STATISTICS

MEAN STD. DEV. SKEW EQUIV. YRS.

I Peak Graphical Curve

1-Day 3.276 .40 .6 77
3-Day 3.203 .38 .5 77
7-Day 3.109 .35 .4, 77

S 15-Day .008 .33 .2 77
:4 -2 SO-Day 2.919 .c t .1 77

3. Log Units. i e

LEGEND ....
S.... ... ..

o indcate equialetyas

3-Day
,L 7-DayI IIIIItilil+

10000 0 15-Day
1 30-Day

NOTES:
1. For clari'ty between :12 and 99

times per hundred every third
point was plotted.

2. Solid points indicate valuesS~estimated through multiple
correlation.

3- . Curves include expected
.mprobeability adjustment for

nly indicated equivalent years.

Ll-L

"or-al Drainage Area: 1067 sq. mi.'

3onbut3ng Drainage Area: 561 sq.197

lMoeedmSe Ento2Ol 5A CareT2
HTftlCiEE RIVER, CALIFORItlA; NlEVADA"

NIRIEGULA'YED PEAK AND
i WN..UME FRtE9KHNC I ES

2111IL TRUCKEE RIVER AT RENO
S~(October - March)

100RNO USGS #34.80
Period of record used in
analysis: 1907,t"- 10, st efteinews,•I fterumm". 6AL.U'.
13-19, 31-3 4•, 43$, 46-77. F o :J.14. VL Ul~ : llOVIENISER 1979
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hS eS ý* foun Ow .O2O 1O2N

10000 90 15-Day6 0 030 2 1

S...' : - "-:: -- 'ADOPTED STATIS-TICST . . . .

.EAN STD. DEV. SKEW EQUIV. YRS.

Pea k Graphical Curve
I-Day 3.34,3 .39 .5 77

3-Day 3.263 .39 .4 77
7-Day 3.166 .37 .3 77

poin was ploted

o 2a Soli pont inict valuesI

* 3po ab y aj us for-

an0s-Day 298, .32 U1l70
10000 0 l1-Day

T 30-Day

'NOTES:

S1. For clarity between 12 and 99
times per hundred every third

•-- point was plotted.
C 2. Solid points indicate values

estimated through multiple
c correlation.

S3. Curves include expected
probability adjustment for
indicated equivalent years.'

1000

'-oa rainage Area: l1429 sq. I.

Contributi~ng Drainage'Area:• MI.
Below LakeTaoan

1 CW in 0 Cb o

Exceedence interval in years
S •• iiii TNlCKEE RIVIER, CALIFORNlIA;'NEVADA

., UNMEWUI~TED PEAK AND
:•: ~VOLUME FREW[KENC I ES

,.•TRUCKEE RIVER NEAR VISTA

10 1 1 114 (October - March)
10€ ' 'USGS #3500

Period of record u'sed i n
an&aIys is: 1901-07, 33-48, Cotrw st &g~lmrs, fteaiiwt,,, Calif'.

50-54,, 59-77. ft pa e :Ji. . D at e .- NOVEMBIER 1 7

i, i SHEET 3 O)F 5 CHART 20



ko.6mame fw"q ym per- buz,,i yrwm

100000 _ 95 90 SO 70 60 5 40 30 20 10 5 2 1 .5 .2 .1

ADOPTED STATISTICAL

MEAN b STD. DEV. SKEW EQUIV. Y S.
PEAK GRAPHICAL CURVE

I-Day 3.325 .39 .5 76
3-Day 3.259 .38 .4, 77

7-Day 3.171 .36 .3 77

15-Day 3.059 .3e d .2 76
30-Day 2.970 .32 .1 76

rLog Units. adusmet.o

LI......... inicte-quvaet-eas

0 1-Day - _

0 3-Day 'l

analysis:fli I**5,6-7

10000 • 7-DayIII y

0 15-Day
17 30-Day

,NOTES:

1. For clariTty between 12 and 99q.• times per hundred every third
S~point was plotted.

2. Solid points indicate values
c estimated through multiple
"-- correlation.
S3. Curves include expected

pro bab iIi ty adju stmen t for
u, indicated equivalent years.

1000

:Total Drainage Area: 1670 sq. mi.

Contributing Drainage Area: 1080 sq. mi-,
Below Lake Tahoe and

TRUCKEE RIVER, CALIFORN IA; NEVADA

IJREGULATED PEAK AND
"AL11VOLUJME FRt9ENCIECiES

TRUCKEE RIVER BELOW DERBY DAM

100i111 1 1MEAR WADSWOR TH

10•J USG$ #/3516 (October - March)

Period of r oe rd wood in 0 011111 St 111119 LM Oes G ,e ft4:r W 1iMl t 0,4) W i• t -.
analysis: 1919-54t, 67-77.J • d J N o t :N VE I R 1?
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Exceedence frequency per hundred years

99 98 95 90 80 70 60 50 40 30 20 10 5 2 1 .5 .2 .1

100000 .

ADOPTED STATISTICS

MEAN STD. DEV. SKEW EQUIV. YRS. S-

iF
Peak Graphical Curve 41 -.

1-Day 3.313 .38 .5 76 .1
3-Day 3.264 .36 .4 77

V7-Day 3.194 .34 .3 77
15-Day 3.083 .32 .2 7

2O-Day 2.997 .30 .1 77

Log Units. I ?

... LEGEND , . I . .
. ., • -D y i .. .- •*-1. .. . -

* 1-Day r
"10000 3-Day " ii -t A0 7-Day" -,- --- h

0 15-Day
V 30-Day

NOTES:

1. For clarity between 12 and 99
Stimes per hundred every third

point was plotted.
S2. Solid points indicate values

estimated through multipleC c orrelation., ;

"3. Curves include expected . . .. 4.
probability adjustment for
indicated equivalent years.

LA.,
U- 

4

44-. t . . +

: ! :1000

• - -Ttal Drainage Area: 1815 sq. mii

"Per - Contributing Drainage orea:n 1225.
BlwLake Taoean

l yiWassoe LakeA-7 ... M

SExceedence interval in years
•- !::;TRUCKEE RIVE'R, CALIFORN IA; NEVADA

+ " UIEWILATED PEAkK AND

-" . + .. .
V O L U M E F R E 9IU E N C I E S

1 ,+ TRUCKEE RIVER NEAR NIXON
• i ••;+'(October - March)

S.L1.00L.. USGS #3517

Pe r iod of record used i n Cop et' IfIa~merl, fIteral•mt,, Oa•Llt .

analIys is: 111<7-77 I f V• e ; J.". 09t~e: INOVE010PER 1919
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Exoeedenoe frequency per hundred years

99 98 95 90 80 70 60 50 40 30 20 10 5 2 1 .5 .2 .1

tr t

Loo

S100

C

4-

Total Drainage Area: 1067 sq. mi. Cors of Eagineers, Sacramento, Calif.Contributing Drainage Area: 561 sq. m11
SBelow Lake Tahoe Prepared: J.H4. Date: NOVEBR17
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~~erc ~-~ e,-,, per hursded yoa 2-

99 96 9,~ ~ 5; < y ~ 10 .2 2 2.1

...7z GENERAL RAIN FLOODS42

i.....; Q Unregulated Flood Peaks -.----.--..---.....
-4t ->1P

SRegulated Pre-Project Flood Peaks4

500-YR SPF 100-YR 50-YR f- -

~ ~--- 66,000 36,700 19.900 14,400 CFS1 t

-4 . 71.. -__

f- .~4-.--

J .~. .1~ A

tt;771~
o T

_FL +---- L~ J....:

4 +
o ~~ 7 --r- ---. 1

4 44

4-1, © -i-

4- .41 j j 1L

4~~~_ 0'4~..t

C,- 0 g 88

~tV ~~-ti j tI TUCK RIVEN. CALIPORNIA; NEVADA

PEAK FLOW FREQUENCY
..- *Revie August 1983'i»

-. ~ ITITii2 ~I~4L..,i::ITRUCKEE RIVER NEAR VISTA4, i ''v L j (OC TO BER -MARCH)

Total Drainage A rea: 1419 sq .~ mI9 N0 50 _

Contributing Drainage Area: 639 sq. *m* Corps of Engllrieerv Sa.-'ra rt-nt.c, Calif!
Below Lake Tahoe and Vashoe Lake ?repftred. P.W ItfT AUGUST 1*111
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ESoeedenole frequency per hundred years

99 98 95 90 80 70 60 50 40 30 20 10 5 2 1 .2 .1...

Mat::::

- - - -- - - - -- -

--- ++•- 1

- - - -- -- - - -- --T-MMm
ZZ:1

:w z
E:• -H

+++

+÷+÷

11-4 014 oU%
Excoeedenoe interval in years

TRUCKEE RIVER, CALIFORNIA; NEVADA

PEAK FLOW FREQUENCY

TRUCKEE RIVER BELOW DER'BY DAM
HEAR WADSWORTH

STotal Drainage Area: 1670 sq. mi. U G 3 1 O t b rM r h

Contributing Drainage Area: 1080 sq. mi. Corps of Rnigneer, Sacramnto Calif.

Below Lake Tahoe and Peae:JH ~ ,e OEBR17
a, _ h n•_ LsiPeaed .. Dt: OEBR 7
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Exoeedenoes frequenoy per hundred years

99 90 95 90 80 70 60 50 40 30 20 10 5 2 1 .5 .2 .1QM
BEE•

t!2

M-M-M-M

TJ

f i l l II

-- -- -- -

Z ___

4--

--------- e ------ in ye z'
- - - - - -- - - -

TRUKE RIECAIO A•NVD

------- FL-F EQ E C
---------- NEA H XO

XOtbrHrh
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Rxoeedenoe frequenoy per hundred year.

99 98 95 90 80 70 60 50 40 30 20 10 5 2 1 .5 .2 .1
------------------------ - -......... -- t ----

- - ------------

SGALENA CREEK NEAR STEAMBOAT

0SPF 10-YR 50-YR 25-YR 10-YR
6,000 3,6o 0 2,030 1,1501 0 1 t I I -ll l ll~ I I .III !! 1 1! 1 1

4--

S~~ADOPTED STATISTICS--- ---

Mean (Log Units) 2.057

SStd. Dev. (Log Units) .4,6

•- Adopted Skew .6
: Y e a rs Re c o rd ed 17-• . •

Eq uiv. Years 17 i ~

4-

-• .. . ..I I I L 11O

f I I--I• V 1II1-1 1

OX M 1z
a-7

r_ N W

Period of Record: 1962-1078 .GS 38

Total Drainage Area: 8.5 sq. mi. Corp sacrento, Calif.

-Prepared: J.H. ate: NOVEMBER 1979 a
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Ixoeedenoe frequenoy per hundred year*

19 98 95 90 80 70 60 50 40 30 20 10 5 21 5 .2 .1

STEAMBOAT CREEK AT STEAMBOAT: j~41 z
SPF 100 50 25 10 'YEARS

15,200 Z,640 2.590 1.1480 67 0 CFS - 4

ADOPTED STATISTICS

10000- PEAK 1-DAY 3-DAY 7-DAY 15-DAY 30-DAY

Mean (Log Units) 2.163 1.798 1.618 1.1479 1.348 1.229
S.D. (Log Units) .46 .42 .40 .38 .37 .35
Adopted Skew .6 .6 .5 .4 .3 .2
Years Rec. 17 17 17 17 17
Equiv. Years 17 17 17 17 17

HM• • iI iii,

:LEGEND:+

- Expected ProbabiIi ty Curves.

44-

-- Computed Frequency Curves.Nz 1
1000

0 Peak.

u;13 I -Day.

-.) A• 3-Day,

- 7-Day. 7,

Cn 15-Day.

.£=o ,0 30-Day.
a/)

1OO .-1 il i l ;1 1.
- 4 1

__
00

TRUCKEE RIVER, CALIFORNIA; NEVADA

- .. PEAK AND VOLUME FREQUENCIES

STEAMBOAT CREEK AT STEAMBOAT (30)

Period of Record: 1962-1978 USGS NO. 3493

Total Drainage Area: 123.0 sq. mi. CORPS OF ENGINEERS, SACRAMENTO, CALIFORNIA

Contributing Drainage Area: 39.3 sq. mi. Prepared: P.W. Date: NOVEMBER 1979
Below Washoe Lake Drown: C.A.P.
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Exceedence frequency per hundred years
9998 95 90 80 70 60 50 4O 30 20 10 5 2 1 5 .2 .1

i ~ ~PEA K --;

Mea n (Log Units) 1.799

Std . Dev. (Log Units) .46 1 i I ."; ::t

10 Adopted Skew .6
Years Recorded 12 il i v
Equ iv. Years 12 S

t 7

i d
Ot

ct

°b

4-)

0

0

,0

TRUCKEE RIVER, CALIFORNIA; NEVADA

PEAK FLOW FREQUENCY

HUNTER CREEK NEAR RENOUSGs It 3-76

Period of Record: 1962-1971, 1973-19714 CORPS OF ENGINEERS, SACRAMENTOJ CALIFORNIA

Total Drainage Area: 11.5 sq. mi. Prepared: J.H.
Draw: C..P. Date: NOV]EMBER 1979
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Xxoeedence frequency per hundred years

999 95 9Co s8! 70 60 5o 4, 0 20 10 5 2 1 .5 .2 .1
-. " 7-.TTT TFT- *£ ;--t-:• J- 4;E0-: - - -..... ; :- 4".. I: i -

-*.-. --- (--- General Rain Floods-Pre-Project (1990) :: ::.4 --

100 50 25 10 YEARS
.4,900 2.430 700 240 CFS .. .

L• S..tA . V -: -
- -4

. 23 Cloudburst Floods -Pre-Project (1990) " -± .. R-SPF
1--i-C-S100 50 25 10 YEARS . . P..

10 t:- -

101,150 700 *480 200 CFS .

7 -7 -:: _ All Events -Pre-Project (1990)

•'•, ~~~~~~~~~.................. ... ....... .. -+ ;'4"--...........4:- '•":-4-----. ----

"- NOTE: : ti.'

These frequency curves represent natural .a..
.7 - - unimproved channel conditions.

I~i t t

T7 '-....•...• . .. .. ... . ... ...'z .: .L : .• ... •L-S '--•

I I

-7-

4 P-4 4

1444

STIABOATCREK AT .FCR i3

Toa .riag. ra 9.0.9. al (INDE POIN 60) .- =- t

Contributing.. Dr iaeAe: 1 0. Sq.i 1111i Co p of.. ..........a en o, al f

SHE I F2CAT2

[,• = _-_ --- _ :-- -7• .-= ,-:m :• - 7- (%-, - :=

•l: tlu -:,f:izi :iz-IV :.-. PEAK FLOW FREQ•UENCY

• ;iL.•:jt__it :iiii jil STEANDOAT CREEK AT NUFFACKER HILLS
STetal Drainage Area. I131.0 sq. ml. (INDEX POINT 60) _____

Cofltributingl Drainag* Area 110O.i sq. ml. Cor~ps or_•z±neers$, S.aq~zrnt~o, Ca1lf.

•Revised 14arch 11u8 ?repared: P.V. L~kte: AINSiYII 1302
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